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or 


SCIENCE. 


INTRODUCTION. 

In  order  fully  to  understand  the  advantages  and  the  pleasures  which  are 
derived  firom  an  acquaintance  with  any  Science,  it  is  necessary  to  become 
acquainted  with  that  Science ;  and  it  would  therefore  be  impossible  to 
convey  a  complete  knowledge  of  the  benefits  conferred  by  a  study  of  the 
various  Sciences  which  have  hitherto  been  cultivated  by  philosophers* 
without  teaching  all  the  branches  of  them.  But  a  very  distinct  idea  may 
be  given,  of  those  benefits,  by  explaining  the  nature  and  objects  of  the 
diflferent  Sciences :  it  may  be  shown,  by  examples,  how  much  use  and 
gratification  there  is  in  learning  a  part  c^  any  one  branch  of  knowledge  ; 
and  it  may  thence  be  inferred,  how  great  reason  there  is  to  learn  the  whole. 
It  may  easily  be  demonstrated,  Uiat  there  is  an  advantage  in  learning, 
both  for  the  usefulness  and  the  pleasure  of  it.  There  is  something  positively 
agreeable  to  all  men,  to  all  at  least  whose  nature  is  not  most,  grovelling 
and  base,  in  g^ning  knowledge  for  its  own  sake.  When  you  see  any- 
thing fbr  the  first  time,  you  at  once  derive  some  gratification  from  the 
sight  being  new ;  your  attention  is  awakened,  and  you  desire  to  know 
more  about  it  If  it  is  a  piece  of  workmanship,  as  an  instrument,  a 
machine  of  any  kind,  you  wish  to  know  how  it  is  made  ;  how  it  works  ; 
and  what  use  it  is  of.  If  it  is  an  animal,  you  desire  to  know  where  it 
comes  from  ;  how  it  lives ;  what  are  its  dispositions,  and,  generally,  its 
nature  and  habits.  You  feel  thn  desire,  too,  without  at  all  considering 
that  the  machine  or  the  animal  may  ever  be  of  the  least  use  to  yourself 
practically ;  fbr,  in  all  probability,  you  may  never  see  them  again.  But 
you  have  a  curiosity  to  learn  all  about  them,  because  they  are  new  and 
unknown.     You  accordingly  make  inquiries  ;  you  feel  a  gratification  in 

King  answers  to  your  questions,  that  is,  in  receiving  information,  and  in 
wing  more, — in  being  better  informed  than  you  were  before.  If  you 
happen  again  to  see  the  same  instrument  or  animal,  you  find  it  agreeable 
to  recollect  having  seen  it  formerly,  and  to  think  that  you  know  something 
about  it.  If  you  see  another  instrument  or  animal,  in  some  respects  like, 
but  differing  in  other  particulars,  you  find  it  pleasing  to  compare  tliem  to- 
gether, and  to  note  in  what  they  agree,  and  in  what  they  differ.  Now,  all 
this  kind  of  gratification  is  of  a  pure  and  disinterested  nature,  and  has  no 
reference  to  any  of  the  common  purposes  of  life ;  yet  it  is  a  pleasure — an 
enjoyment.  You  are  nothing  the  richer  for  it ;  you  do  not  gratify  your 
paJkte  or  any  other  bodily  appetite ;  and  yet  it  is  so  pleasing,  that  you 
would  give  something  out  of  your  pocket  to  obtain  it,  and  would  forego 
sSme  bodily  enjoyment  for  its  sake.  The  pleasure  derived  from  Science 
is  exactly  of  the  like  nature,  or,  rather,  it  is  the  very  same.  For  what 
has  just  been  spoken  of  is,  in  fact.  Science,  which  in  its  most  compre- 
hensive sense  only  means  KnowUdge^  and  in  its  ordinary  sejise  means 
KnowUdge  reduced  to  a  SjfiUm ;  that  is,  arranged  in  «  reg^ular  order,  so 
as  to  be  couTeniently  taught,  easily  remembered,  and  readily  applied* 
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numbers,  and  seeing  which  suited  the  conditions ;  for  you  plainly  see  that 

5  and  4  are  the  two  numbers  sought ;  but  you  see  this  by  no  certain  or 
fi^eneral  nile  applicable  to  all  cases,  and  therefore  you  could  never  work 
more  difficult  questions  in  the  same  way ;  and  even  questions  of  a  moderate 
degree  of  difficulty  would  take  an  endless  number  of  trials  or  guesses  to 
answer.  Thus  a  shepherd  sold  his  flock  tor  SOL  ;  and  if  he  had  sold  four 
sheep  more  foi  the  same  money,  he  would  have  received  one  pound  less 
for  each  sheep.  To  find  out  from  this,  how  many  the  flock  consisted  of, 
is  a  very  easy  question  in  algebra,  but  would  require  a  vast  many  guesses, 
and  a  long  time  to  hit  upon  by  common  arithmetic* :  And  questions  in- 
finitely more  difficult  can  easily  be  solved  by  the  rules  of  algebra.  In  like 
manner,  by  arithmetic  you  can  tell  the  properties  of  particular  numbers ; 
as,  for  instance,  that  the  number  348  is  divided  by  3  exactly,  so  as  to 
leave  nothing  over:  but  algebra  teaches  us  that  it  is  on'y  one  of  an  in- 
finite variety  of  numbers,  all  divisible  by  3,  and  any  one  of  which  you  can 
tell  the  moment  you  see  it;  for  they  all  have  the  remarkable  property, 
that  if  you  add  together  the  figures  they  consist  of,  the  sum  total  is  divi- 
sible by  3.  You  can  easily  perceive  this  in  any  one  case,  as  in  the  number 
mentioned,  for  3  added  to  4  and  that  to  S  make  15,  which  is  plainly  divi- 
sible by  3 ;  and  if  you  divide  348  by  3,  you  find  the  quotient  to  be  116, 
with  nothing  over.  But  this  does  not  at  all  prove  that  any  other  number, 
the  sum  of  whose  figures  is  divisible  by  3,  will  itself  also  be  (bund  divisible 
by  3,  as  741 ;  for  you  must  actually  perform  the  .division  here,  and  in 
every  other  case,  before  you  can  know  that  it  leaves  nothing  over.  Alge- 
bra, on  the  contrary,  both  enables  you  to  discover  such  general  properties, 
and  to  prove  them  in  all  their  generalityt. 

By  means  of  this  science,  and  its  various  applications,  the  most  extra- 
ordinary calculations  may  be  performed.  We  shall  give,  as  an  example, 
the  method  of  Logarithms^  which  proceeds  upon  this  principle.  Take  a 
set  of  numbers  going  on  by  equal  differences ;  that  is  to  say,  the  third 
being  as  much  greater  than  the  second,  as  the  second  is  grater  than  the 
first,  and  the  common  difference  being  the  number  you  begin  with ;  thus, 
1,  2,  3,  4,  b,  6,  and  so  on,  in  which  the  common  difference  is  1 :  then 
take  another  set  of  numbers,  such  that  each  is  equal  to  twice  or  three 
times  the  one  before  it,  or  any  number  of  times  the  one  before  it,  but  the 
common  multiplier  being  the  number  you  begin  with :  thus,  2,  4,  8,  16, 
82,  64,  1 28 ;  write  this  second  set  of  numbers  under  the  first,  or  side  by 
side,  so  that  the  numbers  shall  stand  opposite  to  one  another,  thus, 

12         3  4  5  6  7 

2  4  8  16  32  64  128 
you  will  find,  that  if  you  add  together  any  two  of  the  upper  or  first  set, 
and  go  to  tlie  number  opposite  their  sum,  in  the  lower  or  second  set,  you 
will  have  in  this  last  set  the  number  arising  from  nmltiplying  together  the 
numbers  of  the  lower  set  corresponding  or  opposite  to  the  numbers 
added  together.  Thus,  add  2  to  4,  you  have  6  in  the  upper  set,  opposite 
to  which  in  the  lower  set  is  64,  and  multiplying  the  numbers  4  and  16 
opposite  to  2  and  4,  the  product  is  64.     In  like  manner,  if  you  subtract 

•  It  is  16. 


as 


iv  are  composed  of  3,  6,  9,  &c^  numbers  rising  above  each  other  by  equal  difle^ences, 
289,  299,  309,  or  148,  214,  280,  or  307142085345648276198756,  which  number  Tf 


24  places  is  divisible  by  3,  being  oomposed  of  6  numbers  in  a  series  whose  common  dif. 
fiwence  is  1137.    This  property,  too,  is  only  a  particular  case  oft  aiiich  mora  general  one. 
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i^pe  of  the  upper  numbers  from  another,  and  opposite  to  their  difibrence 
in  the  upper  line,  you  look  to  the  lower  number,  it  is  the  quotient  found 
from  dividing  one  of  the  lower  numbers  by  the  other  opposite  the  sub- 
tracted ones.  Thus,  take  4  from  6  and  2  remains,  opposite  to  which  you 
have  in  the  lower  line  4 ;  and  if  you  divide  64,  the  number  opposite  to  6, 
by  16,  the  number  opposite  to  4,  the  quotient  is  4.  The  upper  set  are 
called  the  logarithms  of  the  lower  set,  which  are  called  natural  nvmbers; 
and  tables  may,  with  a  little  trouble,  be  constructed,  giving  the  loga- 
rithms of  all  numbers  froni  1  to  10,000  and  more :  so  that,  instead  of 
multiplying  or  dividing  one  number  by  another,  you  have  only  to  add  or 
subtract  their  logarithms,  and  then  you  at  once  find  the  product  or  the 
quotient  in  the  tables.  These  are  made  applicable  to  numbers  far  higher 
than  any  actually  in  them,  by  a  very  simple  process :  so  that  you  may  at 
once  perceive  the  prodigious  saving  of  time  and  labour  which  is  thus 
made.  If  you  had,  for  instance,  to  multiply  7,543,283  by  itself,  and  that 
product  again  by  the  original  number,  you  would  have  to  multiply  a 
number  of  7  places  of  figures  by  an  equally  large  number,  and  then  a 
number  of  14  places  of  figures  by  one  of  7  places,  till  at  last  you  had  a 
product  of  21  places  of  figures — a  very  tedious  operation  ;  but,  working 
by  logarithms,  you  would  only  have  to  take  three  times  the  logarithm  of 
the  original  number,  and  that  gives  the  logarithm  of  the  last  product  of 
21  places  of  figures,  without  any  further  multiplicatio».  So  much  for  the 
time  and  trouble  saved,  which  is  still  greater  in  questions  of  division ;  but 
by  means  of  logarithms  many  questions  can  be  worked,  and  of  the  most 
important  kind,  which  no  time  or  labour  would  otherwise  enable  us  to 
resolve. 

Geometry  teaches  the  properties  of  figure,  or  particular  portions  of 
q>ace,  and  distances  of  points  from  each  other.  Thus,  when  you  see  a 
triangle,  or  three-sided  figure,  one  of  whose  sides  is  perpendicular  to  an- 
other side,  you  find,  by  means  of  geometrical  reasoning  respecting  this 
kind  of  triangle,  that  if  squares  be  drawn  on  its  three  sides,  the  large 
square  upon  the  slanting  side  opposite  the  two  perpendiculars,  is  exactly 
equal  to  the  two  smaller  squares  upon  the  perpendiculars,  taken  together ; 
and  this  is  absolutely  true,  whatever  be  the  size  of  the  triangle,  or  the 
proportions  of  its  sides  to  each  other.  Therefore,  you  can  always  find 
the  length  of  any  one  of  the  three  sides  by  knowing  the  lengths  of  the 
other  two.  Suppose  one  perpendicular  side  to  be  3  feet  long,  the  other 
4,  and  you  want  to  know  the  length  of  the  third  side  opposite  to  the  per- 
pendicular; you  have  only  to  find  a  number  such,  that  if,  multiplied  by 
itself,  it  shall  be  equal  to  3  times  8,  together  with  4  times  4,  that  is  25.* 
(This  number  is  5.) 

Now  only  observe  the  great  advantage  of  knowing  this  property  of  the 
triangle,  or  of  perpendicular  lines.  If  you  want  to  measure  a  line  passing 
over  ground  which  you  cannot  reach — to  know,  for  instance,  the  length 
of  one  side  covered  with  water  of  a  field,  or  the  distance  of  one  point  on 
a  lake  or  bay  from  another  point  on  the  opposite  side — you  can  easily  find 
it  by  measuring  two  lines  perpendicular  to  one  another  on  the  dry  land, 
and  running  through  the  two  points ;  for  the  line  wished  to  be  measured, 
and  which  runs  through  the  water,  is  the  third  side  of  a  perpendicular- 
sided  triangle,  the  other  two  sides  of  which  are  ascertained.  But  there 
are  other  properties  of  triangles,  which  enable  us  to  know  the  length  of 

*  It  is  a  propertv  of  outabers,  that  every  number  whatever,  whose  last  place  is  either  5  or 
(^  is,  when  multiplied  into  itself,  equal  to  two  others  which  are  square  numbers,  and  divisible 
Vy3aiKl4  respectively  :»thus, 45  x 45^2025 « 729+ 1296,  lUe«cvuax«fto\'r7  %xv^^^\  %xA 
ei  xM -3600 -B 1296  ^23H  the  squarea  of  36  and  48. 
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two  sides  of  any  triangle,  whether  it  has  perpendicular  sides  or  not,  by 
me&suring  one  side,  and  also  measuring  the  inclinations  of  the  other  two 
sides  to  this  side,  or  what  is  called  the  two  angles  made  by  those  sides 
with  the  measured  side.  Therefore  you  can  easily  find  the  perpendicular 
Kne  drawn,  or  supposed  to  be  drawn,  from  the  top  of  a  mountain  through 
it  to  the  bottom,  that  is  the  height  of  the  mountain ;  for  you  can  measure 
a  line  on  level  ground^  and  also  the  inclination  of  two  lines,  supposhig 
t^em  drawn  in  the  air,  and  reaching  from  the  two  ends  of  the  measured 
line  to  the  mountain's  top  ;  and  having  thus  found  the  length  of  the  one 
of  those  lines  next  the  mountain,  and  its  inclination  to  the  ground,  you  can 
at  once  find  the  perpendicular,  though  you  cannot  possibly  get  near  it.  In 
the  same  way,  by  measuring  lines  and  angles  on  the  ground,  and  near, 
you  can  find  the  length  of  lines  at  a  great  distance,  and  which  you  cannot 
approach  :  for  instance,  the  length  and  breadth  of  a  field  on  the  opposite 
side  of  a  lake  or  sea :  the  distance  of  two  islands,  or  the  space  between  the 
tops  of  two  mountains. 

Again,  there  are  cyrve^lined  figures  as  well  as  straight,  and  geometry 
teaches  Uie  properties  of  these  also.  The  best  known  of  all  the  curves  is  the 
circUy  or  a  figure  made  by  drawing  a  string  round  one  end  which  is  fixed, 
and  marking  where  its  other  end  traces,  so  that  every  part  of  the  circle  is 
equally  distant  fi'om  the  fixed  point  or  centre.  From  this  fiindamental 
property,  an  infinite  variety  of  others  follow  by  steps  of  reasoning  mere  or 
less  numerous,  but  all  necessarily  arising  one  out  of  another.  To  gi\  e  an 
instance ;  it  is  proved  by  geometrical  reasoning,  that  if  from  the  two  ends 
of  any  diameter  of  the  circle  you  draw  two  lines  to  meet  in  any  one  point 
of  the  circle  whatever,  those  lines  are  perpendicular  to  each  other.    . 

Another  property,  and  a  most  useful  one,  is,  that  the  sizes,  or  areas,  of 
all  circles  whatever,  fi*om  the  greatest  to  the  smallest,  from  the  sun  to  a 
watch-dial-plate,  are  in  exact  proportion  to  the  squares  of  their  distances 
.firom  the  centre  ;  that  is,  the  squares  of  the  strings  they  are  drawn  with  * 
so  that  if  you  draw  a  circle  with  a  string  5  feet  long,  and  another  with  a 
string  10  feet  long,  the  large  circle  is  four  times  the  size  of  the  small  one, 
as  far  as  the  space  or  area  inclosed  is  concerned ;  the  square  of  10  or  100 
being  four  times  the  square  of  5  or  25.  But  it  is  also  true,  that  the 
lengths  of  the  circumferences  themselves,  the  number  of  feet  over  whidi 
the  ends  of  the  strings  move,  are  in  proportion  to  the  lengths  of  the  strings ; 
M)  that  the  curve  of  the  larger  circle  is  only  twice  the  length  of  the  curve  of 
"*«  lesser. 

But  the  circle  Is  only  one  of  an  mfinite  variety  ot  curves,  all  havtni;  a 
regular  formation  and  fixed  properties.*  The  oval  or  eUifwt  is,  perhaps, 
next  to  the  circle,  the  most  familiar  to  us,  although  we  more  frequently 
see  another  curve,  the  line  formed  by  the  motion  of  bodies  thrown  forwaid. 
When  you  drop  a  stone,  or  throw  it  straight  up,  it  goes  in  a  straight  line ; 
when  you  throw  it  forward,  it  goes  in  a  curve  line  till  it  reaches  the  ground ; 
as  you  may  see  by  the  figure  in  which  water  runs  when  forced  out  of  a 
pump,  or  from  a  fire-pipe,  or  fix)m  the  spout  of  a  kettle  or  tea-pot  The 
line  it  moves  in  is  called  a  parabola ;  every  point  of  which  bears  a 
certain  fixed  relation  to  a  certain  point  within  it,  as  the  circle  does  to  its 
centre.  Geometry  teaches  various  properties  of  this  curve  :  for  example, 
if  the  direction  in  which  the  stone  is  thrown,  or  the  bullet  fired,  or  the 
water  spouted,  be  half  the  perpendicular  to  the  ground,  that  is,  half  way 
between  being  level  with  the  ground  and  being  upright,  the  curve  will 
come  to  the  ground  at  a  greater  distance  than  if  any  other  direction  what- 
ever were  given,  with  the  same  force.  So  that  to  make  Uie  gun  carry 
/kithesf,  or  the  fire-pipe  play  to  the  greatest  distance,  they  must  be  poioted. 
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■ot*  as  yott  inigfat  suppose,  level  or  point  blank,  but  about  half  way  be 
tween  that  difection  and  the  perpendicular.     If  the  air  did  not  resist,  and 
so  somewhat  disturb  the  calculation,  the  direction  to  give  the  longest  range 
ought  to  be  exactly  half  perpendicular. 

The  oval^  or  eUipae^  is  drawn  by  taking  a  string  of  any  certain  length, 
and  fuLing,  not  one  end  as  in  drawing  the  circle,  but  both  ends  to  different 
points,  and  then  carrying  a  point  round  inside  the  string,  always  keeping 
it  stretched  as  far  as  possible.  It  is  plain,  that  this  figure  is  as  regularly 
drawn  as  the  circle,  Uioug^  it  is  very  different  from  it ;  and  you  perceive 
that  every  point  of  its  curve  must  be  so  placed,  that  the  straight  lines 
drawn  firom  it  to  the  two  points  where  the  string  was  fixed,  are,  when 
added  together,  always  the  same ;  for  they  make  to]g^ther  the  length  of 
the  string. 

Among  various  properties  belonging  to  this  curve,  in  relation  to  the 
straight  lines  drawn  within  it,  is  one  which  gives  rise  to  the  construction 
of  the  trammels^  or  elliptic  compasses,  used  for  making  figures  and  orna- 
ments of  this  form ;  and  abo  to  the  construction  of  lathes  for  turning 
oval  frames,  and  the  like. 

If  yon  wish  at  once  to  see  these  three  curves,  take  a  pointed  sugar-loaf, 
and  cat  it  any  where  clean  through  in  a  direction  parallel  to  its  base  or 
bottom  ;  the  outline  or  edge  of  the  loaf  where  it  is  cut  will  be  a  circle.  If 
the  cot  is  made  so  as  to  slant,  and  not  be  parallel  to  the  base  of  the  loaf, 
the  outline  is  an  eUipBt^  provided  the  cut  groes  quite  through  the  sides  of 
the  loaf  all  round,  or  is  in  such  a  direction  that  it  would  pass  through  the 
sides  of  the  loaf  were  they  extended ;  but  if  it  g^s  slanting  and  parallel 
to  the  line  of  the  loars  side,  the  outline  is  2l  parabola;  and  if  you  cut  in 
any  direction,  not  through  the  sides  all  round,  but  through  the  sides  and 
base,  and  not  parallel  to  the  line  of  the  side,  being  nearer  the  perpendi- 
cular, the  outline  will  be  another  curve,  of  which  we  have  not  yet  spoken, 
but  which  is  called  an  hyperbola.  You  will  see  another  instance  of  it,  if 
you  take  two  plates  of  glass,  and  lay  them  on  one  another ;  then  put  their 
edge  in  water,  holding  them  upright  and  pressing  them  together;  the 
water,  which,  to  make  it  more  plain,  you  may  colour  with  a  few  drops  of 
ink  or  strong  tea,  rises  to  a  certain  height,  and  its  outline  is  this  curve ; 
which,  however  much  it  may  seem  to  differ  in  form  from  a  circle  or  ellipse, 
is  found  by  mathematicians  to  resemble  them  very  closely  in  many  of 
its  most  remarkable  properties. 

These  are  the  curve  lines  best  known  and  most  frequently  discussed ; 
but  there  are  an  infinite  number  of  others  all  related  to  straight  lines  and 
other  curve  lines  by  certain  fixed  rules :  for  example,  the  course  which 
any  point  in  the  circumference  of  a  circle,  as  a  nail  in  the  felly  of  a 
wheel  rolling  along,  takes  through  the  aii»  is  a  curve  called  the  cycloid. 
which  has  many  remarkable  properties ;  ahd  among  others,  this,  that  it 
is,  of  all  lines  possible,  the  one  in  which  any  body,  not  falling  perpendi- 
culariy,  will  descend  from  one  point  to  i^other  the  most  quickly.  Another 
curve  ofien  seen  is  that  in  which  a  rope  or  chain  hangs  when  supported  at 
both  ends :  it  is  called  the  Catenary,  from  the  Latin  for  chain ;  and  in  this 
form  some  arches  are  built  The  form  of  a  sail  filled  with  the  wind  is  the 
same  curve. 

II.  DIFFERENCE  BETWEEN  MATHEMATICAL  AND   PHY- 

SICAL  TRUTHS 

Too  perceive,  if  you  reflect  a  little,  that  the  science  which  we  baxe.  Vi«*.^ 
considering,  in  both  its  branches,  has  nothing  lo  do  vivVVv  TCiViWftT  \  ^)^»^  ^^ 
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to  say,  it  does  not  at  all  depend  upon  the  properties  or  even  upon  the  a* 
istence  of  any  bodies  or  substances  whatever.  The  distance  of  one  point 
or  place  from  another  is  a  straight  line ;  and  whatever  is  proved  to  be 
true  respecting  this  line,  as,  for  instance,  its  proportion  to  other  lines  of 
the  same  kind,  and  its  inclination  towards  them,  what  we  call  the  angU» 
it  makes  with  them,  would  be  equally  true  whether  there  were  any  things 
in  those  places,  at  those  two  points,  or  not  So  if  you  find  the  number 
of  yards  in  a  square  field,  by  measuring  one  side,  100  yards,  and  then, 
multiplying  that  by  itself,  which  makes  the  whole  area  10,000  square 
yards,  this  is  equally  true  whatever  the  field  is,  whether  com,  or  grass,  or 
rock,  or  water ;  it  is  equally  true  if  the  solid  part,  the  earth  or  water,  be 
removed,  for  then  it  will  be  a  field  of  air  bounded  by  four  walls  or  hedges ; 
but  suppose  the  walls  or  hedges  were  removed,  and  a  mark  only  left  at 
each  comer,  still  it  would  be  tme  that  the  space  inclosed  or  bounded  by 
the  lines  supposed  to  be  drawn  between  the  four  marks,  was  10,000  square 
yards  in  size.  But  the  marks  need  not  be  there ;  you  only  want  them 
while  measuring  one  side :  if  they  were  gone,  it  would  be  equally  tme  that 
the  lines  supposed  to  be  drawn  from  the  places  where  the  marks  had  been, 
inclose  10,000  square  yards  of  air.  But  if  there  were  no  air,  and  conse- 
quently a  mere  void,  or  empty  space,  it  would  be  equally  true  that  this 
space  is  of  the  size  you  had  found  it  to  be  by  measuring  the  distance  of 
one  point  from  another,  of  one  of  the  space's  comers  or  angles  firom  an- 
other, and  then  multiplying  that  distance  by  itself.  In  the  same  way  it 
would  be  trae,  that,  if  the  space  were  circular,  its  size,  compared  with 
another  circular  space  of  half  its  diameter,  would  be  four  times  larger ;  of 
one  third  its  diameter,  nine  times  larger,  and  of  one  fourth  sixteen  times, 
and  so  on  always  in  proportion  to  the  squares  of  the  diameters ;  and  that 
the  length  of  the  circumference,  the  number  of  feet  or  yards  in  the  line 
round  the  surface,  would  be  twice  the  length  of  a  circle  whose  diameter  was 
one  half,  thrice  the  circumference  of  one  whose  diameter  was  one  third,  four 
times  the  circumference  of  one  whose  diameter  was  one  fourth,  and  so  on,  in 
the  simple  proportion  of  the  diameters.  Therefore,  every  property  which 
is  proved  to  belong  to  figures  belongs  to  them  without  the  smallest  relation 
to  bodies  or  matter  of  any  kind,  although  we  are  accustomed  only  to  see 
figures  in  connection  with  bodies;  but  all  those  properties  would  be 
equally  trae,  if  no  such  thing  as  matter  or  bodies  existed ;  and  the  same 
may  be  said  of  the  properties  of  number,  the  other  great  branch  of  the 
mathematics.  When  we  speak  of  twice  two,  and  say  it  makes  four,  we 
affirm  this  without  thinking  of  two  horses,  or  two  balls,  or  two  trees;  but 
we  assert  it  concerning  two  of  any  thing  and  every  thing  equally.  Nay, 
this  branch  of  mathematics  may  be  said  to  apply  still  more  exteniively 
than  even  the  other ;  fur  it  has  no  relation  to  space,  which  geometry  has ; 
and,  therefore,  it  is  applicable  to  cases  where  figure  and  size  are  wholly 
out  of  the  question.  Thus  you  can  speak  of  two  dreams,  or  two  ideas,  or 
two  minds,  and  can  calculate  respecting  them  just  as  you  would  respecting 
so  many  bodies ;  and  the  properties  you  find  belonging  to  numbers,  will 
belong  to  those  numbers  when  applied  to  things  that  have  no  outward  or 
visible  or  perceivable  existence,  and  cannot  even  be  said  to  be  in  any  par- 
ticular place,  just  as  much  as  the  same  numbers  applied  to  actual  bodies 
which  may  be  seen  and  touched. 

It  is  quite  otherwise  with  the  science  which  we  are  now  going  to  consider. 
Natural  Philosophy,  This  teaches  the  nature  and  properties  of  actually 
existing  substances,  their  motions,  their  connections  with  each  otiier,  and 
their  influence  on  one  another.  It  is  sometimes  also  called  P^iict,  from 
iAf  Greek  word  signifying  Naiurt^  though  that  word  is  more  frequently. 
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k  ooanDOii  «peedi,  confined  to  one  particular  branch  c^  the  sdonce,  thai 
ivbidi  treats  of  the  bodily  health. 

We  have  mentioned  one  distinction  between  Mathematics  and  Natural 
Philosophy,  that  the  former  does  not  depend  on  the  nature  and  existence 
of  bodies,  which  the  latter  entirely  does.  Another  distinction,  and  one 
dosdy  connected  with  this,  is,  that  the  truths  which  Mathematics  teach 
na,  are  neceaMorUy  such, — they  are  truths  of  themselves,  and  wholly  inde- 
pendent of  facts  and  experiments, — they  depend  only  upon  reasoning ; 
and  it  is  utterly  impossible  they  should  be  otherwise  Uian  true.  This  is 
the  case  with  all  the  properties  which  we  find  belong  to  numbers  and  to 
figures — 2  and  2  must  of  neceMtity^  and  through  all  time,  and  in  every 
place,  be  equal  to  4  :  those  numbers  must  necasarily  be  always  divisible 
by  S,  without  leaving  any  remainder  over,  which  have  the  sums  of  the 
figures  they  consist  of  divisible  by  three ;  and  circles  must  neceuarUy^  and 
fiir  ever  and  ever,  be  to  one  another,  in  the  exact  proportion  of  the  squares  of 
their  diameters.  It  cannot  be  otherwise ;  we  caimot  conceive  it  in  our 
minds  to  be  otherwise;  No  man  can  in  his  own  mind  suppose  to  himself 
that  2  and  2  should  ever  be  more  or  less  than  4  ;  it  would  be  an  utter 
impossibility — a  contradiction  in  the  very  ideas :  and  if  stated  in  words, 
those  words  would  have  no  sense,  llie  other  properties  of  number, 
though  not  so  plain  at  first  sight  as  this,  are  proved  to  be  true  by  reason- 
ing, every  one  step  of  which  follows  from  the  step  immediately  before,  as  a 
matter  of  course,  and  so  clearly  and  unavoidably,  that  it  cannot  be  sup- 
posed, or  even  imagined,  to  be  otherwise :  the  mind  has  no  means  of 
fancying  how  it  could  be  otherwise :  the  final  conclusion  from  all  the 
steps  of  the  reasoning  or  demonstration,  as  it  is  called,  follows  in  the  same 
way  from  the  last  of  the  steps,  and  is  therefore  just  as  evidently  and  ne- 
oessarily  true  as  the  first  step,  which  is  always  something  self-evident;  for 
instance,  that  2  and  2  make  4,  or  that  the  whole  is  greater  than  any  of  its 
parts,  but  equal  to  all  its  parts  put  together.  It  is  through  this  kind  of 
reasoning,  step  by  step,  from  the  most  plain  and  evident  Uiings,  that  we 
mrrire  at  the  knowledge  of  other  things  which  seem  at  first  not  true,  or  at 
least  not  generally  true  ;  but  when  we  do  arrive  at  them,  we  perceive  that 
they  are  just  as  true,- and  for  the  same  reasons,  as  the  first  and  most  ob- 
vious matters ;  that  their  truth  is  absolute  and  necessary,  and  that  it  would 
be  as  absurd  and  self-contradictory  to  suppose  they  ever  could,  under  any 
circumstances,  be  not  true,  as  to  suppose  that  2  added  to  2  could  ever 
roakeS,  or  5,  or  100,  or  anything  but  4  ;  or,  which  is  the  same  thing,  that 
4  shouLd  ever  be  equal  to  3,  or  5,  or  100,  or  anything  but  4.  To  find  out 
these  reasonings,  to  pursue  them  to  their  consequences,  and  thereby  to 
discover  the  truths  which  are  not  immediately  evident,  is  what  science 
teaches  us :  but  when  the  truth  is  once  discovered,  it  is  as  certain  and 
plain  by  the  reasoning,  as  the  first  truths  themselves  from  which  all  the 
reasoning  takes  its  rise,  on  which  it  all  depends,  and  which  require  no 
proof,  b^ause  they  are  self-evident  at  once,  and  must  be  assented  to  the 
instant  they  are  understood. 

But  it  is  quite  different  with  the  truths  which  Natural  Philosophy 
teaches.  All  these  depend  upon  matter  of  fact ;  and  that  is  learnt  by 
observation  and  experiment,  and  never  could  be  discovered  by  reasoning 
at  all.  If  a  man  were  shut  up  in  a  room  with  pen,  ink,  and  paper,  he 
might  by  thinking  discover  any  of  the  truths  in  arithmetic,  algebra,  or 
geometry  ;  it  is  possible  at  least :  there  would  be  nothing  absolutely  im- 
possible in  his  discovering  all  that  is  now  known  of  these  sciences ;  and 
if  his  memory  were  as  good  as  we  are  supposing  his  judgment  and  con- 
feption  to  be,  he  might  discover  It  all  without  pen,  \uV>  ^iv^  ^^^t^  wcAviv 
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t  dark  room.  But  we  cannot  discover  a  single  one  of  the  fundamental 
properties  of  matter  without  observing  what  goes  on  around  ii8»  and  trymg 
experiments  upon  the  nature  and  motion  of  bodies.  Thus;  the  man  whom 
we  have  supposed  shut  up,  could  not  possibly  find  out  beyond  one  or  ivm 
of  the  very  first  properties  of  matter,  and  those  only  in  a  ve^  lew  oaaes  ; 
so  that  he  could  not  tell  if  these  were  general  properties  of  all  matter  or 
not.  He  could  tell  that  the  objects  he  touohed  in  the  dark  were  bard 
and  resisted  his  touch  ;  that  they  were  extended  and  were  solid :  thai  ii^ 
that  they  had  three  dimensions,  length,  breadth,  and  thickness.  He  might 
guess  that  other  things  existed  beside  those  he  felt,  and  thai  thoae  other 
things  resembled  what  be  felt  in  these  properties ;  but  he  could  know 
nothing  for  certain,  and  could  not  even  conjecture  much  beyond  this  very 
limited  number  of  qualities.  He  must  remain  utterly  ignorant  of  what 
really  exists  in  nature,  and  of  what  properties  matter  in  gcnenA  has. 
These  properties,  therefore,  we  learn  by  experience ;  they  are  such  aa  we 
know  bodies  to  have  ;  they  happen  to  have  them — they  are  so  formed  by 
Pivine  Providence  as  to  have  them — but  they  might  have  been  otherwise 
formed ;  the  great  Author  of  Nature  might  have  thought  fit  to  make  all 
bodies  different  in  every  respect.  We  see  that  a  stone  dropped  horn  oor 
hand  falls  to  the  gpnound :  this  is  a  fact  which  we  can  only  know  by  ezpe* 
rience ;  before  observing  it,  we  could  not  have  guessed  it,  and  it  is  quite 
conceivable  that  it  should  be  otherwise  :  for  instance,  that  when  we  remove 
our  hand  from  the  body  it  should  stand  still  in  the  air ;  or  fly  upward,  or 
go  forward,  or  backward,  or  sideways ;  there  is  nothing  at  aJl  absnid, 
contradictory,  or  inconceivable  in  any  of  these  suppositions ;  there  tl 
nothing  impossible  in  any  of  them,  as  there  would  be  in  supposing  the  stout 
equal  to  half  of  itself,  or  double  of  itself ;  or  both  falling  down  or  rising  up* 
wards  at  once ;  or  g^ing  to  the  right  and  the  left  at  one  and  the  same 
time.  Our  only  reason  for  not  at  once  thinking  it  quite  conceivable  that 
the  stone  should  stand  still  in  the  air,  or  fly  upwards,  is,  that  we  have  never 
seen  it  do  so,  and  have  become  accustomed  to  see  it  do  otherwise.  But 
for  that,  we  should  at  once  think  it  as  natural  that  the  stone  should  fly  up- 
wards or  stand  still,  as  that  it  should  foil  down.  But  no  deg^ree  of  reflec- 
tion for  any  length  of  time  could  accustom  us  to  think  2  and  2  equal  to 
anything  but  4,  or  to  believe  the  whole  of  anything  equal  to  a  part  of  itsdf. 
After  we  have  once,  by  observation  or  experiment,  ascertained  certain 
things  to  exist  in  fact,  we  may  then  reason  upon  them  by  means  Of  the 
mathematics ;  that  is,  we  may  apply  mathematics  to  our  experimental 
philosophy,  and  then  such  reasoning  becomes  absolutely  certain,  taking 
the  fondamental  focts  for  granted.  Thus,  if  we  find  that  a  stone  falls  in 
one  direction  when  dropped,  and  we  forther  observe  the  peculiar  way  in 
which  it  falls,  that  is,  quicker  and  quicker  every  instant  till  it  reaches  the 
ground,  we  learn  the  rule  or  the  proportion  by  which  the  quickness  goes 
on  increasing ;  and  we  further  find,  that  if  the  same  stone  is  pushed  for- 
ward on  a  table,  it  moves  in  the  direction  of  the  push,  till  it  is  either 
stopped  by  something,  or  comes  to  a  pause,  by  rubbing  against  the  table 
and  being  hindered  by  the  air.  These  are  facts  which  we  learn  by  observ- 
ing and  trying,  and  they  might  all  have  been  difierent  if  matter  and  mo- 
tion had  been  otherwise  constituted ;  but  supposing  them  to  be  as  they 
are,  and  as  we  find  them,  we  can,  by  reasoning  mathematically  from  them, 
find  out  many  most  curious  and  important  truths  depending  upon  those 
focts,  and  depending  upon  them  not  accidentally,  but  of  necessity.  For 
example,  we  can  fhid  in  what  course  the  stone  will  move,  if,  instead  of 
being  dropped  to  the  ground,  it  is  thrown  forward :  it  will  go  in  the  curve 
MJreadj^  mentioned,  the  parabola,  somewhat  altered  by  the  resistance  of 
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Ifce  sir,  and  it  will  ran  through  that  curve  in  a  peculiar  way,  to  that  there 
will  always  be  a  certain  proportion  between  the  time  i%  takes  and  the 
space  it  moTcs  through,  and  the  time  it  would  have  taken^  and  the  space 
it  would  have  moved  through  had  it  dropped  from  the  hand  in  a  straight 
line  to  the  ground.  So  we  can  prove,  in  like  manner,  what  we  before 
staled  of  the  relation  between  the  distance  at  which  it  will  come  to  the 
gnrand,  and  the  direction  it  is  thrown  in  ;  the  distance  being  greatest  of 
all  when  the  direction  is  half  way  between  the  level  or  horizontal  and  the 
apnght  or  perpendicular.  These  are  mathematical  traths,  derived  by 
mathematical  reasoning  upon  physical  grounds ;  that  is,  upon  matter  of 
feci  found  to  exist  by  actual  observation  and  experiment.  The  result, 
therefore,  is  necessarily  true,  and  proved  to  be  so  by  reasoning  only,  pro- 
vided we  have  once  ascertained  the  fiicts ;  but,  taken  altogether,  the  result 
depends  partly  on  the  facts  learned  by  experiment  or  experience,  partly 
on  the  reasoning  from  these  facts.  Thus  it  is  found  to  be  true  by  reason- 
ing, and  necessarily  true,  that  if  the  stone  falls  in  a  certain  way  when 
unsupported,  it  must,  when  thrown  forward,  go  in  the  curve  called  a  pa 
*abola,  provided  there  be  no  air  to  resist :  this  is  a  necessary  or  mathema- 
tical truth,  and  it  cannot  possibly  be  otherwise.  But  when  we  state  the 
matter  without  any  supposition, — ^without  any  "  ifi** — and  say,  a  stone 
thrown  forward  goes  in  a  curve  called  a  parabola,  we  state  a  truth,  partly 
fact,  and  partly  drawn  from  reasoning  on  the  fact ;  and  it  might  be  other- 
wise if  the  nature  of  things  were  different.  It  is  called  a  proposition  or 
truth  in  Natural  Philosophy ;  and  as  it  is  discovered  and  proved  by  ma* 
thematical  reasoning  upon  fects  in  nature,  it  is  sometimes  called  a  propo- 
sition or  truth  in  the  Mixed  MaUumaUcM^  so  named  in  contradistinction  to 
the  Pure  Mathemaiic^  which  are  employed  in  reasoning  upon  figures  and 
numbers.  The  man  in  the  dark  room  could  never  discover  this  truth 
unless  he  had  been  first  infbfmed,  by  those  who  had  observed  the  fact,  in 
what  way  the  stone  falls  when  unsupported,  and  moves  along  the  table 
when  pushed.  These  things  he  never  could  have  found  out  by  reasoning ; 
they  are  facts,  and  he  could  only  reason  from  them  after  learning  them  by 
his  own  experience,  or  taking  them  on  the  credit  of  other  people*s  experi- 
ence. But  having  once  so  learnt  them,  he  could  discover  by  reasoning 
merely,  and  with  as  much  certainty  as  if  he  lived  in  daylight,  and  saw 
and  felt  the  moving  body,  that  the  motion  is  in  a  parabola,  and  governed 
by  certain  rules.  As  experiment  and  observation  are  the  g^reat  sources 
of  our  knowledge  of  Nature,  and  as  the  judicious  and  careful  making  of 
experiments  is  l^he  only  way  by  which  her  secrets  can  be  known.  Natural 
and  Experimental  Philosophy  mean  one  and  the  same  thing ;  mathema- 
tical reasoning  being  applied  to  certain  branches  of  it,  particularly  those 
whidi  relate  to  motion  and  pressure. 

III.  NATURAL  OR  EXPERIMENTAL  SCIENCE. 

Natural  Phij^osophy,  in  its  most  extensive  sense,  has  for  its  province 
the  investigation  of  the  laws  of  matter,  that  is,  the  properties  and  the 
motions  of  matter;  and  it  may  be  divided  into  two  great  branches 
The  first  and  most  iniportant  (which  is  sometimes,  on  that  account, 
called  Natural  Phiioiophyt  by  way  of  distinction,  but  more  properly 
Mechanical  Philosophy)  investigates  the  sensible  motions  of  bodies. 
The  second  investigates  the  constitution  and  qualities  of  all  bodies, 
and  has  various  names,  according  to  its  different  objects.  It  is  called 
Chemistry^  if  it  teaches  the  properties  of  bodies  with  respect  to  heat, 
mixture  with  one  another,  weight,  taste,  appearance,  and  so  forth :  Ana- 
tomy and  Animal  Phyndogy,  (from  the  Greek  woTd  «.\^iv\^^\w^Ia  sp^ok  <)>} 
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the  nature  of  any  thing,)  if  it  teaches  the  structure  and  functions  of  living; 
bodies,  especially  the  human  ;  for,  when  it  shows  those  of  other  animals, 
we  term  it  Comparative  Anatomy  ;  Medicine^  if  it  teaches  the  nature  of 
diseases,  and  the  means  of  preventing  them  and  of  restoring  health ; 
Zoology^  (from  the  Greek  word  signifying  to  speak  of  aiiimaU^)  if  it 
teaches  the  arrangement  or  classification  and  the  habits  of  the  different 
lower  animals ;  Botany^  (from  the  Greek  word  for  herbage^)  including 
Vegetable  Physiology,  if  it  teaches  the  arrangement  or  classi6cation,  the 
structure  and  habits  of  plants ;  Mineralogy^  including  Geology j  (from  the 
Greek  words  meaning  to  speak  of  the  earthy)  if  it  teaches  the  arrangement 
of  minerals,  the  structure  of  the  masses  in  which  they  are  found,  and  of 
the  earth  composed  of  those  masses.  The  term  Natural  History  is  given 
to  the  three  last  branches  taken  together,  but  chiefly  as  far  as  they  teach 
the  classification  of  different  things,  or  the  observation  of  the  resemblances 
and  difibrences  of  the  various  animals,  plants,  and  inanimate  and  ung^w- 
ing  substances  in  nature. 

But  here  we  may  make  two  general  observations.  The  first  is,  that 
every  such  distribution  of  the  sciences  is  necessarily  imperfect ;  for  one 
runs  unavoidably  into  another.  Thus,  Chemistry  shows  the  qualities  of 
plants  with  relation  to  other  substances,  and  to  each  other ;  and  Botany 
does  not  overlook  those  same  qualities,  though  its  chief  object  be  arrange- 
ment. So  Mineralogy,  though  principally  conversant  with  classifying 
metals  and  earth,  yet  regards  also  their  qualities  in  respect  of  heat  and 
mixture.  So  too.  Zoology,  beside  arranging  animals,  describes  their 
structures  like  Comparative  Anatomy.  In  truth,  all  arrangement  and 
classifying  depends  upon  noting  the  things  in  which  the  objects  agree 
and  differ ;  and  among  those  things  in  which  animals,  plants,  and  mine* 
rals  agree  or  differ,  must  be  considered  the  anatomical  qualities  of  the  one, 
and  the  chemical  qualities  of  tlie  other.  From  hence,  in  a  great  measure, 
follows  the  second  observation,  namely,  that  the  sciences  mutually  assist 
each  other.  We  have  seen  how  Arithmetic  and  Algebra  aid  Geometry, 
and  how  both  the  purely  Mathematical  Sciences  aid  Mechanical  Philo- 
sophy. Mechanical  philosophy,  in  like  manner,  assists,  though,  in  the  pre- 
sent state  of  our  knowledge,  not  very  considerably,  both  Chemistry  and 
Anatomy,  especially  the  latter ;  and  Chemistry  very  greatly  assists  both 
Physiology,  Medicine,  and  all  the  brancheb  of  Natural  History. 

The  first  great  head,  then,  of  Natural  Science,  is  Mechanical  Philosophy ; 
and  it  consists  of  various  subdivisions,  each  forming  a  science  of  great 
importance.  The  most  essential  of  these,  and  which  is  indeed  fundamen- 
tal, and  applicable  to  all  the  rest,  is  called  Dynamics^  from  the  Greek 
Word  signifying  power  or  force^  and  it  teaches  the  laws  of  motion  in  all 
its  varieties.  The  case  of  the  stone  thrown  forward,  which  we  have  al- 
ready mentioned  more  tlian  once,  is  an  example.  Another,  of  a  more  g^ene- 
ral  nature,  but  more  diilicult  to  trace,  far  more  important  in  its  conse- 
quences, and  of  which,  indeed,  the  former  is  only  one  particular  case, 
relates  to  the  motions  of  all  bodies,  which  are  attracted  (or  influenced,  or 
drawn)  by  any  power  towards  a  certain  point,  while  they  are,  at  the  same 
time,  driven  forward,  by  some  push  given  to  them  at  first,  and  forcing 
them  onwards,  at  the  same  time  that  they  are  drawn  towards  the  point.  The 
line  in  which  a  body  moves  while  so  drawn  and  so  driven,  depends  upon  the 
force  it  is  pushed  with,  the  direction  it  is  pushed  in,  and  the  kind  of  power  that 
draws  it  towards  the  point ;  but,  at  present,  we  are  chiefly  to  regard  the 
latter  circumstance,  the  attraction  towards  the  point.  If  this  attraction 
be  uniform,  that  is,  the  same  at  all  distances  from  the  point,  the  body  will 
moyein  a  circle,  if  one  direction  be  given  to  the  forward  push.  The  cai$e  with 
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which  we  are  best  acquainted  is  when  the  force  decreases  as  the  squares  of 
the  distances,  from  the  centre  or  point  of  attraction,  increase  ;  that  is,  when 
the  force  is  four  times  kss  at  twice  the  distance,  nine  times  less  at  thrice  the 
distance,  sixteen  times  less  at  four  times  the  distance,  and  so  on.  A  force 
of  this  kind  acting  on  the  body,  will  make  it  move  in  an  oval,  a  parabola, 
or  an  hyperbola,  according  to  the  amount  or  direction  of  the  impulse,  or 
ihrward  push,  originally  given  :  and  there  is  one  proportion  of  that  force, 
which,  if  directed  perpendicularly  to  the  line  in  which  the  central  force 
draws  the  body,  will  make  it  move  round  in  a  circle,  as  if  it  were  a  stone 
tied  to  a  string  and  whirled  round  the  hand.  The  most  usual  propor- 
tions in  nature,  are  those  which  determine  bodies  to  move  in  an  oval  or 
ellipse,  the  curve  described  by  means  of  a  cord  fixed  at  both  ends,  in  the 
way  already  explained.  la  this  case,  the  point  of  attraction,  the  point 
towards  which  the  body  is  drawn,  will  be  nearer  one  end  -of  the  ellipse 
than  the  other,  and  the  time  the  body  will  take  to  go  round,  compared 
with  the  time  any  other  body  would  take,  moving  at  a  different  distance 
from  the  same  point  of  attraction,  but  drawn  towards  that  point  with  a  force 
which  bears  the  same  proportion  to  the  distance,  will  bear  a  certain  propor 
tion,  discovered  by  mathematicians,  to  the  average  distances  of  the  two 
bodies  from  the  point  of  common  attraction.  If  you  multiply  the  numbers 
expressing  the  times  of  g^iug  round,  each  by  itself,  the  products  will  be 
to  one  another  in  the  proportion  of  the  average  distances  multiplied  each 
by  itself,  and  that  product  again  by  the  distance.  Thus,  if  one  body 
take  two  hours,  and  is  five  yards  distant,  the  other,  being  ten  yards  off, 
will  take  something  less  than  five  hours  and  forty  minutes  *. 

Now,  this  is  one  of  the  most  important  truths  in  the  whole  compass  of 
science,  for  it  does  so  happen,  that  the  force  with  which  bodies  fall  to- 
wards the  earth,  or  what  is  called  their  gravity^  the  power  that  draws  or 
attracts  them  towards  the  earth,  varies  with  the  distance  from  the  Earth's 
centre,  exactly  in  the  proportion  of  the  squares,  lessening  as  the  distance 
increases  :  at  two  diameters  from  the  Earth's  centre,  it  is  four  times  less 
than  at  one  ;  at  three  diameters,  nine  times  less ;  and  so  forth.  It  goes 
on  lessening,  but  never  is  destroyed,  even  at  the  greatest  distances  to 
which  we  can  reach  by  our  observations,  and  there  can  be  no  doubt  of  its 
extending  indefinitely  beyond.  But  by  astronomical  observations  made 
upon  the  motion  of  the  heavenly  bodies,  upon  that  of  the  moon  for  in- 
stance, it  is  proved  that  her  movement  is  slower  and  quicker  at  different 
parts  of  her  course,  in  the  same  manner  as  a  body's  motion  on  the  earth 
would  be  slower  and  quicker,  according  to  its  distance  from  the  point  it 
was  drawn  towards,  provided  it  was  drawn  by  a  force  acting  in  the  propor- 
tion to  the  squares  of  the  distance,  which  we  have  frequently  mentioned ; 
and  the  proportion  of  the  time  to  the  distance  is  also  observed  to  agree 
with  the  rule  above  referred  to.  Therefore,  she  is  shown  to  be  attracted 
towards  the  Earth  by  a  force  that  varies  according  to  the  same  proportion 
in  which  gpravity  varies ;  and  she  must  consequently  move  in  an  ellipse 
round  the  Earth,  which  is  placed  in  a  point  nearer  the  one  end  than  the 
other  of  that  curve.  In  like  manner,  it  is  shown  that  the  Earth  moves 
round  the  Sun  in  the  same  curve  line,  and  is  drawn  towards  the  Sun  by 
a  similar  force ;  and  that  all  the  other  planets  in  their  courses,  at  various 
distances,  follow  the  same  rule,  moving  in  ellipses,  and  drawn  towards  the 
Sun  by  the  same  kind  of  power.  Three  of  them  have  moons  like  the 
Earth,   only  more  numerous,  for  Jupiter  has  four,  Saturn  seven,  and 

•  This  is  expressed  mathematically  by  saying,  that  the  squares  of  the  times  are  as  the 
cuoes  of  the  dlsUoces.    Mathematical  language  is  not  only  the  8\m^V«sX  «Xk4  m^^V  «»&\V\  >«»^* 
oentDMf  of  may,  but  the  liiortest  aJso. 
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Uerschel  six  so  very  distant,  that  we  cannot  see  them  without  ilie  help  of 
glasses ;  but  all  those  moons  move  round  their  principal  planets,  us  ours 
does  round  the  Earth,  in  ovals  or  ellipses ;  while  the  planets,  with  their 
moons,  move  in  their  ovals  round  the  Sun,  like  our  own  Earth  with  its 
moon. 

Bu  this  power,  which  draws  them  all  towards  the  Sun,  and  regulates 
their  path  and  their  motion  round  him,  and  which  draws  the  moons  to- 
wards the  principal  planets,  and  regulates  their  motion  and  path  round 
those  planets,  is  the  same  with  the  g^vity  by  which  bodies  fall  towards 
the  earth,  being  attracted  by  it.  Therefore,  the  whole  of  the  heavenly 
bodies  are  kept  in  their  places,  and  wheel  round  the  Sun,  by  the  same 
influence  or  power  that  makes  a  stone  fall  to  the  ground. 

It  is  usual  to  call  the  Sun,  and  the  planets  which  with  their  moons 
move  round  him,  (eleven  in  number,  including  the  four  lately  discovered 
and  the  one  discovered  by  Herschel,)  the  Solar  SyxUm ;  because  they 
are  a  class  of  the  heavenly  bodies  far  apart  from  the  innumerable  fixed 
Stars,  and  so  near  each  other,  as  to  exert  a  perceptible  influence  on  one 
another,  and  thus  to  be  connected  together. 

The  Cornels  belong  to  the  same  system,  according  to  this  manner  of 
viewing  the  subject.  They  are  bodies  which  move  in  elliptical  paths, 
but  far  longer  and  narrower  than  the  curves  in  which  tlie  EUtrth  and  the 
other  planets  and  their  moons  roll.  Our  curves  are  not  much  less  round 
than  circles ;  the  paths  of  the  comets  are  long  and  narrow,  so  as,  in  many 
places,  to  be  more  nearly  straight  lines  than  circles.  They  differ  from  the 
planets  and  their  moons  in  another  respect ;  they  do  not  depend  on  the 
Sun  for  the  lig^t  they  g^ve,  as  our  Moon  plainly  does,  being  dark  when 
the  Earth  comes  between  her  and  the  Sun ;  and  as  the  other  planets  do, 
ihose  of  them  that  are  nearer  the  Sun  than  we  are,  being  dark  when  they 
come  between  us  and  him,  appearing  to  pass  across  his  surface.  But  the 
comets  give  light  always  of  themselves,  being  apparently  vast  bodies 
ht;ated  red-hot  by  coming  in  their  course  far  nearer  the  Sun  than  the 
nearest  of  the  planets  ever  do.  Their  motion,  when  near  the  Sun,  is 
much  more  rapid  than  that  of  the  planets ;  they  both  approach  him  much 
nearer,  retreat  from  him  to  much  grater  distances,  and  take  much  longer 
time  n  going  round  him  than  any  of  the  planets  do.  Yet  even  these 
ccmeis  are  subject  to  the  same  great  law  of  gravitation,  which  regulates 
the  motions  of  the  planets.  Their  year,  the  time  they  take  to  revolve,  is 
in  some  cases  75,  in  others  135,  in  others  300  of  our  years ;  their  dis- 
tance is  a  hundred  times  our  distance  when  farthest  ofl^,  and  not  a  hundred 
and  sixtieth  of  our  distaoce  when  nearest  the  Sun ;  their  swiftest  motion 
is  above  twelve  times  swifter  than  ours,  although  ours  is  a  hundred  and 
forty  times  swifter  than  a  cannon  balPs ;  yet  their  path  is  a  curve  of  the 
same  kind  with  ours,  though  longer  and  flatter,  difiering  in  its  formation 
only  as  one  oval  diff*ers  fh>m  another  by  the  string  you  draw  it  with  hav- 
ing the  ends  fixed  at  two  points  more  distant  from  each  other:  conse- 
quently the  Sun,  being  in  one  of  those  points,  is  much  nearer  the  end  of 
die  path  the  comet  moves  in,  than  he  is  near  the  end  of  our  path.  Their 
motion,  too,  follows  the  same  rule,  being  swifter  the  nearer  the  Sun :  the 
attraction  of  the  Sun  for  them  varies  according  to  the  squares  of  the  dis- 
tances, being  four  times  less  at  twice  the  distance,  nine  times  less  at 
thrice,  and  so  on ;  and  the  proportion  between  the  times  of  revolving  and 
the  distances  is  exactly  the  same,  in  the  case  of  those  remote  bodies,  as 
in  that  of  the  Moon  and  the  Earth.  One  law  prevails  over  all,  and  regu- 
lates their  motions  as  well  as  our  own ;  it  is  the  gravity  of  the  comets 
towards  the  Sun,  and  they,  like  our  own  Earth  and  Moon,  wheel  round 
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him  in  boundless  space,  drawn  by  the  same  force,  acting  by  the  same 
rule,  which  makes  a  stone  fiill  when  dropped  from  the  hand. 

The  more  full  and  accurate  our  observations  are  upon  those  heavenly 
bodies,  the  better  we  find  all  their  motions  agreeing  with  this  great  doc- 
trine ;  although,  no  doubt,  many  things  are  to  be  taken  into  the  account 
beside  the  force  that  draws  them  to  the  different  centres.     Thus,  while 
the  Moon  is  drawn  by  the  Earth,  and  the  Earth  by  the  Sun,  the  Moon  is 
also  drawn  directly  by  the  Sun ;  and  while  Jupiter  is  drawn  by  the  Sun, 
flo  are  his  moons ;  and  both  Jupiter  and  his  moons  are  drawn  by  Saturn ; 
nay,  as  this  power  of  gravitation  is  quite  universal,  and  as  no  body  can 
attract  or  draw  another  without  being  itself  drawn  by  that  other,  the  Earth 
is  drawn  by  the  Moon,  while  the  Moon  is  drawn  by  the  Earth ;  and  the 
Sun  is  attracted  by  the  planets  which  he  draws  towards  himself.     These 
mutual  attractions  give  rise  to  many  deviations  from  the  simple  line  of 
the  ellipse,  and  produce  many  irregularities  in  the  simple  calculation  of 
the  times  and  motions  of  the  bodies  that  compose  the  System  of  the  Uni- 
verse.    But  the  extraordinary  powers  of  investigration  applied  to  the  sub- 
ject by  the  modem  improvements  in  Mathematics,  have  enabled  us  at 
length  to  reduce  even  the  greatset  of  the  irregularities  to  order  and  sys- 
tem ;  and  to  unfold  one  of  the  most  wonderful  truths  in  all  science^  namely, 
that  by  certain  necessary  consequences  of  the  simple  fact  upon  which  the 
whole  fabric  rests, — the  proportion  of  the  attractive  force  to  the  distances 
at  which  it  operates, — all  the  irregularities  which  at  first  seemed  to  dis- 
turb the  order  of  the  system,  and  to  make  the  appearances  depart  from 
the  doctrine,  are  themselves  subject  to  a  certain  fixed  rule,  and  can  never 
go  beyond  a  particulanr  point,  but  must  begin  to  lessen  when  they  have 
slowly  reached  that  point,  and  must  then  lessen  until  they  reach  another 
point,  when  they  begin  again  to  increase ;  and  so  on  for  ever.     Nay,  so 
perfect  is  the  arrangement  of  the  whole  system,  and  so  accurately  does  it 
depend  upon  mathematical  principles,  that  irregularities,  or  rather  apparent 
deviations,  have  been  discovered  by  mathematical  reasoning  before  astro- 
nomers had  observed  them,  and  then  their  existence  has  been  ascertained 
by  observation,  and  found  to  agree  precisely  with  the  results  of  calcu- 
liUion*.    Tlius,  the  planets  move  in  ovals,  from  gravity,  the  power  that 
attracts  them  towards  the  Sun,  combined  with  the  original  impulse  they 
received  forwards ;  and  the  disturbing  forces  are  continually  varying  the 
eourse  of  the  curves  ur  ovals,  making  them  bulge  out  in  the  middle^  as  it 
were,  on  the  sides,  though  in  a  very  small  proportion  to  the  whole  length 
of  the  ellipse.    The  oval  thus  bulging,  its  breadth  increases  by  a  very 
small  quantity  yeariy  and  daily ;  and  siler  a  certain  large  number  of  years, 
the  bulging  bea>mes  as  gpreat  as  it  ever  can  be:  then  the  alteration  takes 
a  contrary  direction,  and  the  curve  gradually  flattens  as  it  had  bulg^ed ; 
till,  in  the  same  number  of  years  which  it  took  to  bulg^,  it  becomes  as  flat 
as  it  ever  can  be,  and  then  it  begins  to  bulg^  again,  and  so  on  for  ever. 

And  so,  too,  of  every  other  disturbance  and  irregularity  in  the  system : 
what  at  first  appears  to  be  some  departure  from  the  rule,  when  more  fully 

•  The  applicalba  of  Maihemmtics  to  Chemistry,  has  already  produced  m  great  change  in 
that  science,  and  is  calculated  to  produce  still  greater  improrements.  It  may  be  almost 
certainly  reckoned  upon  as  the  source  of  new  discoveries,  made  by  induction  alter  the  duif 
thematical  reasoning  has  given  the  suggestion.  The  learned  reader  will  perceive  tliat  we 
allude  to  the  beautiful  doctrine  of  De/nile  or  MtUtipk  Proportiutu.  To  take  an  example  ; 
the  probd>ility  of  an  oxide  of  arsenic  being  discovered  is  impressed  upon  us^  by  the  com- 
position of  arseniouff  and  arsenic  acids,  in  which  the  oxygen  u  as  2  to  3 ;  and  therefore  we 
vvr  expect  to  find  a  compound  of  the  same  base,  with  the  oxygen  as  unity.  The  extras 
wmaatj  action  of  chlorine  and  iu  compounds  on  light  leads  as  to  ex^^X  loia^VuCbKi  ^w 
cettiy  respectug^  its  compoBitton,  perhaps  respecting  the  msttar  oi  \\|2bl. 
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examinedf  turns  out  to  be  only  a  consequence  of  it,  or  the  result  oi  a  more 
general  arrangement  springing  from  the  principle  of  Gravitation ;  an 
arrangement  of  which  Uie  rule  itself,  and  the  apparent  or  supposed  ex- 
ception, both  form  parts. 

The  power  of  Gravitation,  which  thus  regulates  the  whole  system  of 
the  universe,  is  found  to  rule  each  member  or  branch  of  it  separately* 
Thus,  it  is  demonstrated  that  the  Tides  of  the  ocean  are  caused  by  the  gra^ 
citation  which  attracts  the  water  towards  the  Sun  and  Moon ;  and  the 
figure  both  of  our  Earth  and  of  such  of  the  other  bodies  as  have  a  spin* 
Ding  motion  round  their  axis,  is  determined  by  gravitation  combined  with 
that  motion :  they  are  all  flattened  towards  the  ends  of  the  axis  they  spin 
upon,  and  bulge  out  towards  the  middle. 

The  gresi  discoverer  of  the  principle  on  which  all  these  truths  rest. 
Sir  Isaac  Newton,  certainly  by  far  the  most  extraordinary  man  that  ever 
lived,  concluded,  by  reasoning  upon  the  nature  of  motion  and  matter,  that 
this  flattening  must  take  place  in  our  globe :  every  one  before  his  time 
had  believed  the  Earth  to  be  a  perfect  sphere  or  globe,  chiefly  from  ob- 
serving the  round  shadow  which  it  casts  on  the  moon  in  eclipses ;  and  it 
was  many  years  after  his  death  that  the  accuracy  of  his  opinion  was  proved 
by  measurements  on  the  Earth's  surface,  and  by  the  different  weight 
and  attraction  of  bodies  at  the  equator,  where  it  bulg^,  and  at  the  poles, 
where  it  is  flattened.  The  improvement  of  telescopes  has  enabled  us  to 
ascertain  the  same  fact  with  respect  to  the  planets  Jupiter  and  Saturn. 

Beside  unfolding  the  general  laws  which  regulate  the  motions  and 
figures  of  the  heavenly  bodies  forming  our  Solar  System,  Astronomy  con- 
sists in  calculations  of  the  places,  times,  and  eclipses  of  those  bodies, 
and  their  moons  or  ioielUteB,  (from  a  Latin  word,  signifying  an  attejuUmt,) 
and  in  observations  of  the  Fixed  Stars,  which  are  innumerable  assem- 
blages of  bodies,  not  moving  round  the  Sun  as  our  Earth  and  the  other 
planets  do,  nor  receiving  the  light  they  shine  with  from  his  ligrht:  but 
shining  as  the  Sun  and  the  Comets  do,  with  a  light  of  their  own,  and 
placed,  to  all  appearance,  immoveable,  at  immense  distances  from  our 
world,  that  is,  from  our  Solar  System.  Each  of  them  is  probably  the  suu 
of  some  other  system  like  our  own,  composed  of  planets  and  their  moons 
or  satellites ;  but  so  extremely  distant  firom  us,  that  they  all  are  seen  by 
us  like  one  point  of  fiiint  light,  as  you  see  two  lamps,  placed  a  few  inches 
asunder,  only  like  one,  when  you  view  them  a  great  way  o£  The  number 
of  the  Fixed  Stars  is  prodigious :  even  to  the  naked  eye  they  are  very 
numerous,  about  3000  being  thus  visible ;  but  when  the  heavens  are 
viewed  through  the  telescope,  stars  become  visible  in  numbers  wholly  in- 
calculable :  2000  are  discovered  in  one  of  the  small  collections  of  a  few 
visible  stars  called  Conateilatiom ;  nay,  what  appears  to  the  naked  eye 
only  a  light  cloud,  as  the  Milky  ff^ay,  when  viewed  through  the  telescope, 
proves  to  be  an  assemblage  of  innumerable  Fixed  Stars,  each  of  them  in 
all  likelihood  a  sun  and  a  system  like  the  rest,  though  at  an  immeasurable 
distance  from  ours. 

The  size,  and  motions,  and  distances  of  the  heavenly  bodies  are  such 
as  to  exceed  the  power  of  ordinary  imagination,  from  any  comparison  with 
the  smaller  things  we  see  around  us.  The  Earth's  (Uameter  is  nearly 
8000  miles  in  length ;  but  the  Sun's  is  above  880,000  miles,  and  the 
bulk  of  the  Sun  is  above  1,300,000  times  greater  than  that  of  the  Earth. 
The  planet  Jupiter,  which  looks  like  a  mere  speck,  from  his  vast  distance, 
is  nearly  130a  times  larger  than  the  Earth.  Our  distence  from  the  Sun 
is  above  95  millions  of  miles;  but  Jupiter  is  490  millions,  and  Saluru 
POO  minions  of  miles  disUnt  from  the  Sun.    The  rate  at  which  the  Earth 
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moves  round  the  Sun  is  68,000  miles  an  hour,  or  140  times  swider  thun 
the  motion  of  a  cannon-ball ;  and  the  planet  Mercury,  the  nearest  to  the 
Sun,  moves  still  quicker,  nearly  110,000  miles  an  hour.  We<  upon  the 
Earth's  surface,  beside  being  carried  round  the  Sun,  move  round  the 
Earth's  axis  by  the  rotatory  or  spinning  motion  which  it  has ;  so  thnt 
every  24  hours  we  move  in  this  manner  near  14,000  miles,  beside  moving* 
round  the  Sun  above  1,600,000  miles.  These  motions  and  distances, 
however,  prodigious  as  they  are,  seem  as  nothing  compared  to  those  o£ 
the  comets,  one  of  which,  when  furthi'St  from  the  Sun,  is  11,200  millions 
of  miles  from  him;  and  when  nearest  the  Sun,  flies  at  the  amazing  rate 
of  8S0,000  miles  an  hour.  Sir  Isaac  Newton  calculated  its  heat  at  2000 
times  that  of  red-hot  iron ;  and  that  it  would  take  thousands  of  years  to 
cool,  fiut  the  distance  of  the  Fixed  Stars  is  yet  more  vast :  they  have 
been  supposed  to  be  400,000  times  further  from  us  than  we  are  from  the 
Sun,  that  is,  38  millions  of  millions  of  miles ;  so  that  a  cannon-ball  would 
take  near  nine  millions  of  years  to  reach  one  of  them,  supposing  there 
was  nothing  to  hinder  it  fmm  pursuing  its  course  thither.  Ais  light  takes 
about  eight  minutes  and  a  quarter  to  reach  us  from  the  Sun,  it  would  be 
above  six  years  in  coming  from  one  of  those  stars ;  but  the  calculations 
of  later  astronomers  prove  some  stars  to  be  so  far  distant,  that  their  light 
must  take  centuries  before  it  can  reach  us ;  so  that  every  particle  of  light 
which  enters  our  eyes  left  the  star  it  comes  from  three  or  four  hundred 
jears  ago. 

Astronomers  have,  by  means  of  their  excellent  glasses,  aided  by  Geo- 
metry and  calculation,  been  able  to  observe  not  only  stars,  planets,  and 
ibeir  satellites,  invisible  to  the  naked  eye,  but  to  measure  the  height  of 
mountains  in  the  Moon,  by  observations  of  the  shadows  which  those  emi- 
mences  cast  on  her  surface;  and  they  have  discovered  volcanoes,  or 
burning  mountains,  in  the  same  body. 

The  tables,  which  they  have  by  the  like  means  been  enabled  to  form  of 
the  heavenly  motions,  are  of  great  use  in  navigation.  By  means  of  the 
eclipses  of  Jupiter's  satellites,  and  by  the  tables  of  the  Moon's  motions, 
we  can  ascertain  the  position  of  a  ship  at  sea ;  for  the  observation  of  the 
Sun's  height  at  mid- day  gives  the  kUUttde  of  the  place,  that  is,  its  dis- 
tance from  the -equinoctial  or  equator,  the  line  passing  through  the  middle 
of  the  Earth's  surface,  equally  distant  from  both  poles ;  and  these  tables, 
with  the  observations  of  the  satellites,  or  moons,  give  the  distance  east 
and  west  of  the  observatory  for  which  the  tables  are  calculated — called 
the  longiiude  of  the  place :  consequently,  the  mariner  can  thus  tell  nearly 
in  what  part  of  the  ocean  he  is,  how  far  he  has  sailed  from  his  port  of  de- 
parture, and  how  far  he  must  sail,  and  in  what  direction,  to  gain  the  port 
of  his  destination.  The  advantage  of  this  knowledge  is  therefore  manifest 
in  the  common  affairs  of  life ;  but  it  sinks  into  insignificance  compared 
with  the  vast  extent  of  those  views  which  the  contemplations  of  the  science 
afibrd,  of  numberless  worlds  filling  the  immensity  of  space,  and  all  kept 
in  their  places,  and  adjusted  in  their  prodigious  motions  by  the  same 
simple  principle,  under  the  guidance  of  an  all-wise  and  all-powerful 
Creator. 

We  have  been  considering  the  application  of  Dynamics  to  the  motions 
of  the  heavenly  bodies,  which  forms  the  science  of  Phyncal  Attronomy, 
The  application  of  Dynamics  to  the  calculation,  production,  and  direction 
of  motion,  forms  the  science  of  Mechanics,  sometimes  called  Practical 
Mechanics,  to  distinguish  it  from  the  more  general  use  of  the  word,  which 
cGfmprehends  every  tiling  that  relates  to  motion  and  force.  The  CwivdA.- 
mental  principle  of  the  science,  upon  wbicli  it  ma\i\\^  depeu<d&,  ^ovt^  vsi- 
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mediately  from  a  property  of  the  circle  already  mentioned,  and  which, 
perhaps,  appeared  at  the  moment  of  little  value, — that  the  lengths  of  cir- 
cles are  in  proportion  to  their  diameters.     Observe  how  upon  this  simple 
truth  nearly  the  whole  of  those  contrivances  are  built  by  which  the  power 
of  man  is  increased,  as  far  as  solid  matter  assists  him  in  extending  it ;  and 
nearly  the  whole  of  those  doctrines,  too,  by  which  he  is  enabled  to  explain 
the  voluntary  motions  of  animals,  as  far  as  these  depend  upon  their  own 
bodies.     Hiere  can  be  nothing  more  instructive  in  showing  the  importance 
and  fruitfulness  of  scientific  truths,  however  trivial  and  forbidding  tliey 
may  at  first  sight  appear.     For  it  is  an  immediate  consequence  of  this 
property  of  the  circle,  that  if  a  rod  of  iron,  or  beam  of  wood,  or  any  other 
solid  material,  be  placed  on  a  point,  or  pivot,  so  that  it  may  move  as  the 
arms  of  a  balance  do  round  its  centre,  or  a  see-saw  board  does  round  its 
prop,  the  two  ends  will  go  through  parts  of  circles,  each  proportioned 
to  that  arm  of  the  beam  to  which  it  belongs :  the  two  circles  will  be 
equal  if  the  pivot  is  in  the  centre  or  middle  point  of  the  beam ;  but  if  it 
is  nearer  one  end  than  the  other,  say  three  times,  that  end  will  go  through 
a  circular  space,  or  arch,  three  times  shorter  than  the  circular  space  the 
other  end  goes  through  in  the  same  time.     If,  then,  the  end  of  the  long 
beam  goes  through  three  times  tlie  space,  it  must  move  with  three  times 
the  swiftness  of  tihe  short  beam's  end,  since  both  move  in  the  same  time^ 
and  therefore  any  force  applied  to  the  long  end  must  overcome  the  re- 
sistance of  three  times  that  force  applied  at  the  opposite  end,  since  the 
two  ends  move  in  contrary  directions :  hence  one  pound  placed  at  the  long 
end  would  balance  three  placed  at  the  short  end.      The  beam  we  have 
been  supposing  is  called  a  Lever,  and  the  same  rule  must  evidently  hold 
for  all  proportions  of  the  lengths  of  its  arms.     If,  then,  the  lever  be  se- 
venteen feet  long,  and  the  pivot,  or  fulcrum,  (as  it  is  called,  from  a  Latin 
word,  signifying  support,)  be  a  foot  from  one  end,  an  ounce  placed  on 
the  other  end  will  balance  a  pound  placed  on  the  near  end ;  and  the  least 
additional  weighty  or  the  slightest  push  or  pressure  on  the  far  end,  so 
.oaded,  will  make  the  pound  weight  on  the  other  move  upwards.     If,  in- 
stead of  an  ounce,  we  place  upon  the  end  of  the  long  arm  the  short  arm 
of  a  second  beam  or  lever  supported  by  a  fulcrum,  one  foot  from  it,  and 
then  place  the  long  arm  of  this  second  lever  upon  the  short  arm  of  a  third 
lever,  whose  fulcrum  is  one  foot  from  it ;  and  if  we  put  on  the  end  of  this 
third  lever's  long  arm  an  ounce  weight,  that  ounce  will  move  upwards  a 
pound  on  the  second  level's  long  arm,  and  this  moving  upwards  will 
cause  the  short  arm  to  force  downwards  sixteen  pounds  at  the  long  end 
of  the  first  lever,  which  will  make  the  short  end  of  the  first  lever  move 
upwards,  though  two  hundred  and  fifly-six  pounds  be  laid  on  it :  the 
same  thing  continuing,  a  pound  on  the  long  arm  of  the  third  lever  will 
move  a  ton  and  three  quarters  on  the  short  arm  of  the  first  lever ;  that 
is,  will  balance  it,  so  that  the  slightest  pressure  with  the  finger,  or  a  touch 
from  a  child's  hand,  will  move  as  much  as  two  horses  can  draw.     The 
lever  is  called,  on  this  account,  a  mechanical  power ;  and  there  are  five 
other  mechanical  powers,  of  most  of  which  its  properties  form  the  found- 
ation ;  indeed  they  have  all  been  resolved  into  combinations  of  levers. 
The  pulley  seems  the  most  difficult  to  reduce  under  the  principle  of  the 
lever.     Thus  the  wJieel  and  axle  is  only  a  lever  moving  round  an  axle, 
and  always  retaining  the  effect  gained  during  every  part  of  the  motion,  by 
means  of  a  rope  wound  round  the  butt  end  of  the  axle ;  the  spoke  of  the 
wheel  being  the  long  arm  of  the  lever,  and  the  half  diameter  of  the  axle 
tts  short  arm.     By  a  combination  of  levers,  wheels,  pulleys,  so  great  an 
increase  of  force  is  obtained,  that,  but  for  the  obstruction  from  friction, 
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and  the  resistance  of  the  air,  there  could  be  no  bounds  to  the  effect  of  the 
miallest  force  thus  multiplied ;  and  to  this  fundamental  principle,  Archi- 
medes, one  of  the  most  illustrious  mathematicians  of  ancient  times,  re- 
ferred, when  he  boasted,  that  if  he  only  had  a  pivot  or  fulcrum  whereon 
he  might  rest  his  machinery,  he  could  move  the  Earth.  Upon  so  simple 
a  truth,  assisted  by  the  aid  derived  from  other  sources,  rests  the  whole 
&bric  of  mechanical  power,  whether  for  raising  weights,  or  cleaving  rocks, 
or  pumpiAg  up  rivers  from  the  bowels  of  the  earth ;  or,  in  short,  per' 
forming  any  of  those  works  to  which  human  strength,  even  augmented  hf 
the  help  of  the  animals  whom  Providence  has  subdued  to  our  use,  woulo 
prove  altogether  inadequate. 

The  application  of  Dynamics  to  the  pressure  and  motions  of  fluids' con- 
stitutes a  science  which  receives  different  appellations  according  as  the 
fluids  are  heavy  and  liquid  like  water,  or  li^t  and  invisible,  like  air.  In 
the  former  case  it  is  called  Hydrodynamics^  from  the  Greek  words  sig- 
nifying wiUtr  and  potoer,  or  force ;  in  the  latter  Pneumatics,  from  the 
Greek  word  signifying  breath  or  air ;  and  Hydrodynamics  is  divided  into 
Hydrostatics^  which  treats  of  the  weight  and  pressure  of  liquids,  from  the 
Greek  words  for  balancing  of  toater;  and  Hydraulics,  which  treats  of 
their  motion,  from  the  Greek  name  for  certain  musical  instruments  played 
with  water  in  pipes, 

Tlie  discoveries  to  which  experiments  upon  the  pressure  and  motion 
of  fluids,  aided  by  mathematical  reasoning,  have  led,  are  of  the  g^reatest 
importance,  whether  we  regard  their  application  to  practical  purposes,  or 
their  use  for  explaining  the  appearances  in  nature,  or  their  singularity 
as  the  subjects  ii  scientific  contemplation.  When  it  is  found  that  the 
pressure  of  water  or  any  other  liquid  upon  the  surface  that  contains  it,  is 
not  in  the  least  degree  proportioned  to  its  bulk,  but  only  to  the  height  at 
which  it  stands,  so  that  a  long  small  pipe,  containing  a  pound  or  two  of 
the  fluid,  will  give  the  pressure  of  twenty  or  thirty  ton ;  nay,  of  twice  or 
thrice  as  much,  if  its  length  be  increased,  and  its  bore  lessened,  without 
the  least  regard  to  the  quantity  of  the  liquid,  we  are  not  only  astonished 
at  so  extraordinary  and  unexpected  a  property  of  matter,  but  we  straight- 
way perceive  one  of  the  great  agents  employed  in  the  vast  operations  of 
nature,  in  which  the  most  trifling  means  are  used  to  work  the  mightiest 
eflfects.  We  likewise  learn  to  guard  against  many  serious  mischiefs  in 
our  own  wocks,  and  to  apply  safely  and  usefolly  a  power  calculated,  ac- 
cording as  it  is  directed,  either  to  produce  unbounded  devastation,  or  to 
render  the  most  beneficial  service. 

Nor  are  the  discoveries  relating  to  the  Air  less  interesting  in  them- 
selves, and  less  applicaY)le  to  important  uses.  It  is  an  agent,  thoup^h 
invisible,  as  poweiflil  as  Water,  in  the  operations  both  of  nature  and  of  art. 
Experiments  of  a  simple  and  decisive  nature  show  the  amount  of  its  pres- 
sure to  be  between  14  and  15  pounds  on  every  square  inch ;  but,  like  all 
other  fluids,  it  presses  equally  in  every  direction ;  so  that  though,  on  one 
hand,  there  is  a  pressure  downwards  of  above  250  pounds,  yet  this  is 
exacUy  balanced  by  an  equal  pressure  upwards,  from  the  air  pressing 
round  and  getting  below.  If,  however,  the  air  on  one  side  be  removed, 
the  whole  pressure  from  the  other  acts  unbalanced.  Hence  the  ascent  of 
water  in  pumpis,  which  suck  out  the  air  from  a  barrel,  and  allow  the  pres- 
sure upon  the  water  to  force  it  up  32  or  33  feet,  that  body  of  water  being 
equal  to  the  weight  of  the  atmosphere.  Hence  the  ascent  of  the  mercury 
In  the  barometer  is  only  28  or  29  inches,  mercury  being  between  IS  and 
1 4  times  heavier  than  water.  Hence,  too,  the  motion  of  the  steam-en^ne  ; 
the  piston  of  which,  until  the  direct  force  of  steam  was  ^L^^WeA,  \»^^  Vft 
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be  pressed  downwards  by  the  wei^^ht  of  the  atmosphere  from  above*  all 
air  being  removed  b^low  it  by  first  filling  it  with  steam,  and  then  suddenly 
cooling  and  converting  that  steam  into  water,  so  as  to  leave  nothing  in 
the  space  it  had  occupied.  Hence,  too,  the  power  which  some  animals 
possess  of  walking  along  the  perpendicular  surfaces  of  walls,  and  even 
the  ceilings  of  rooms,  by  squeezing  out  the  air  between  the  inside  of  their 
feet  and  the  wall,  and  thus  being  supported  by  the  pressure  of  the  air 
against  the  outside  of  their  feet 

The  science  of  Optics^  (from  the  Greek  word  for  seeing,)  which  teaches 
the  nature  of  light,  and  of  the  sensation  conveyed  by  it,  presents,  of  itself, 
a  field  of  unbounded  extent  and  interest.  To  it  the  arts,  and  the  other 
sciences,  owe  those  most  useful  instruments  which  have  enabled  us  at 
once  to  examine  the  minutest  parts  of  the  structure  of  animal  and  vegetable 
Innlies,  and  to  calculate  the  size  and  the  motions  of  the  most  remote  of 
the  heavenly  bodies.  But  as  an  object  of  learned  curiosity,  nothing  can 
be  more  singular  than  the  fundamental  truth  discovered  by  the  genius  of 
Newton, — that  the  light,  which  we  call  white,  is  in  fact  composed  of  all 
the  colours,  blended  in  certain  pro))ortions ;  unless,  perhaps,  it  be  that 
astonishing  conjecture  of  his  unrivalled  sagacity,  Ly  which  he  descried 
the  inflammable  nature  of  the  diamond,  and  its  belonging,  against  all 
appearance  of  probability,  to  the  class  of  oily  substances,  from  having 
observed,  that  it  stood  among  them,  and  far  removed  from  all  crystals, 
in  the  degree  of  its  action  upon  light ;  a  conjecture  tunicd  into  certainty 
by  discoveries  made  a  century  afterwards. 

To  a  man  who,  fur  original  genius  and  strong  natural  sense,  is  not  un- 
worthy of  being  named  afler  this  illustrious  sag^,  we  owe  tlie  greater  part 
of  Electrical  science.  It  treats  of  the  peculiar  substance,  resembling  both 
light  and  heat,  which,  by  rubbing,  is  found  to  l>e  produced  in  a  certain 
class  of  bodies,  as  glass,  wax,  silk,  amber ;  and  to  be  conveyed  easily  or 
conducted  throngh  others,  ns  wood,  metals,  water;  and  it  has  received 
the  name  oi  Electricity,  from  the  Greek  word  for  amber.  Dr.  Franklin 
discovered  that  this  is  the  sdbie  matter  which,  when  collected  in  the 
clouds,  and  conveyed  from  them  to  the  earth,  we  call  lightning,  and  whose 
noise,  in  darting  through  the  air,  is  thunder.  The  observation  of  some 
movements  in  the  limbs  of  a  dead  frog  gave  rise  to  the  discovery  of 
Animal  Electricity,  or  Galvaniwi,  as  it  was  at  first  called  from  the  name 
of  the  discoverer ;  and  which  has  of  late  years  g^ven  birth  to  improve- 
ments that  have  xhanged  the  face  of  chemical  philosophy ;  affording  a 
new  proof  how  few  there  are  of  the  processes  of  nature  incapable  of  re- 
paying the  labour  we  bestow  in  patiently  and  diligently  examining  them. 
It  is  to  the  results  of  the  remark  accidentally  made  upon  the  twitching 
in  the  frog's  leg,  not,  however,  hastily  dismissed  and  forgotten,  but 
treasured  up  and  pursued  through  many  an  elaborate  experiment  and 
calculation,  that  we  owe  our  acquaintance  with  the  extraordinary  metal, 
liquid  like  mercury,  lighter  than  water,  and  more  inflammable  tliaii  phos- 
phorus, which  forms,  when  it  bums  by  mere  exposure  to  ths  air,  one 
of  the  salts  best  known  in  commerce,  and  the  princij)al  ingredient  in 
saltpetre. 

In  order  to  explain  the  nature  and  objects  of  those  branches  of  Natural 
Science  more  or  less  connected  with  the  mathematics,  some  details  wem 
necessary,  as  without  them  it  was  difficult  immediately  to  perceive  their 
importance,  and,  as  it  were,  relish  the  kind  of  instruction  which  they 
afford.  But  the  same  course  need  not  be  pursued  with  respect  to  the 
other  branches.  The  value  and  the  interest  of  chemistry  is  at  once  per 
ceired,  when  it  is  known  to  teach  the  nature  of  all  bodies ;  the  relations 
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f»r  simple  substances  to  heat  and  to  one  another,  or  their  combinations 
tiH^her  ;  the  composition  of  those  ifvhich  nature  produces  in  a  compound 
state ;  and  the  application  of  the  whole  to  the  arts  and  manufactures. 
Some  branches  of  philosophy,  again,  are  chiefly  useful  and  interesting  to 
particular  classes,  as  surgeons  and  physicians.  Others  are  easily  under- 
sIockI  by  a  knowledge  of  the  principles  of  Mechanics  and  Chemistry,  of 
which  they  are  applications  and  examples  ;  as  those  which  teach  the 
structure  of  the  earth  and  the  changes  it  has  undergone ;  the  motions  of 
the  muscles,  and  the  structure  of  the  parts  of  animals ;  the  qualities  of 
animal  and  vegetable  substances ;  and  that  department  of  Agriculture 
which  treats  of  soils,  manure,  and  machinery.  Other  branches  are  only 
collections  of  facta,  highly  curious  and  useful  indeed,  but  which  any  one 
who  reads  or  listens,  perceives  as  clearly,  and  comprehends  as  readily,  as 
the  professed  student  To  this  class  belongs  Natural  History,  in  so  far 
as  it  describes  the  habits  of  animals  and  plants,  and  its  application  to  that 
department  of  Agriculture  which  treats  of  cattle  and  their  management. 

IV.  APPLICATION  OP  NATURAI^  SCIENCE  TO  THE 
ANIMAL  AND  VEGETABLE  WORLD. 

But,  for  the  purpose  of  further  illustrating  the  advantages  of  Philosophy, 
its  tendency  to  enlarge  the  mind,  as  well  as  to  interest  it  agreeably,  and 
atfbnl  pure  and  solid  gratification,  a  few  instances  may  be  given  of  the 
■ingular  truths  bnmght  to  light  by  the  application  of  Mathematical,  Me- 
chanical, and  Chemical  knowledge  to  the  habits  of  animals  and  plants ; 
and  some  examples  may  be  added  of  the  more  ordinary  and  easy,  but 
scarcely  less  interesting  observations,  made  upon  those  habits,  without 
the  aid  of  the  profbunder  sdencet. 

We  may  remember  the  curve  line  which  mathematicians  call  a  Cycloid. 
It  is  the  path  which  any  point  of  a  circle,  moving  along  a  plane,  and 
ronnd  its  centre,  traces  in  the  air ;  so  that  the  nail  o;i  the  felly  of  a  cart- 
wheel moves  in  a  Cycloid,  as  the  cart  goes  along,  and  as  the  wheel  itself 
both  turns  round  its  axle,  and  is  carried  .along  the  gpround.  Now  this 
carve  has  certain  properties  of  a  peculiar  and  very  singular  kind  with 
respect  to  motion.  One  is,  that  if  any  body  whatever  moves  in  a  cycloid 
by  its  own  weight  or  swing,  together  with  some  other  force  acting  upon 
H  all  the  while,  it  will  g^  through  all  distances  of  the  same  curve  in 
exactly  the  same  time;  and,  accordingly,  pendulums  have  sometimes 
been  contrived  to  swing  in  such  a  manner,  that  they  shall  describe 
cycloids,  or  curves  very  near  cycloids,  and  thus  move  in  equal  times, 
whether,  they  go  through  a  long  or  a  short  part  of  the  same  curve.  Again, 
if  a  body  is  to  descend  from  any  one  point  to  any  other,  not  in  the  per- 
pendicular, by  means  of  some  force  acting  on  it  together  with  its  weight, 
the  line  in  which  it  will  go  the  quickest  of  all  will  be  the  cycloid ;  not  the 
straight  line,  though  that  is  the  shortest  of  all  lines  which  can  be  drawn 
between  the  two  points ;  nor  any  other  curve  whatever,  though  many  are 
much  flatter,  and  therefore  shorter  than  the  .cycloid — but  the  cycloid^ 
which  is  longer  than  many  of  them,  is  yet,  of  all  curved  or  straight  lines 
which  can  be  drawn,  the  one  the  body  will  move  through  in  the  shortest 
time.  Suppose,  again,  that  the  body  is  to  move  from  one  point  to 
another,  by  its  weight  and  some  other  force  acting  together,  but  to  go 
through  a  certain  space, — as  a  hundred  yards — the  way  it  must  take  to 
do  this,  in  the  shortest  time  possible,  is  by  moving  in  a  cycloid ;  or  Uie 
length  of  a  hundred  yards  must  be  drawn  into  a  cycloid,  and  then  the 
body  will  descend  through  the  hundred  yards  in  a  shorter  time  than  it 
unild  go  the  same  distance  in  any  other  path  whale\cT.    l^oyi  \\.  V&\m. 
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lieved  that  Birds,  as  the  Eagle,  which  build  in  the  rocks*  drop  or  fl] 
down  from  height  to  height  in  this  course.  It  is  impossible  to  make  verj 
accurate  observations  of  their  flight  and  path ;  but  there  is  a  general  re 
semblance  between  the  course  they  take  and  the  cycloid,  whidi  has  led 
ingenious  men  to  adopt  this  opinion. 

If  we  have  a  certain  quantity  of  any  substance*  a  pound  of  wood*  foi 
example,  and  would  fashion  it  in  the  shape  to  take  the  least  room,  we 
must  make  a  globe  of  it ;  it  will  in  this  figure  have  the  smallest  surfture. 
But  suppose  we  want  to  form  the  pound  of  wood,  so  that  in  moving 
through  the  air  or  water  it  shall  meet  with  the  least  possible  resistance ; 
then  we  must  lengthen  it  out  for  ever,  till  it  becomes  not  only  like  a  long- 
pointed  pin,  but  thinner  and  thinner,  longer  and  longer,  till  it  is  quite  a 
straight  line,  and  has  no  perceptible  breadth  or  thickness  at  all.  If  we 
would  dispose  of  the  given  quantity  of  matter,  so  that  it  shall  have  a 
certain  length  only,  say  a  foot,  and  a  certain  breadth  at  the  thickest  part, 
say  three  inches,  and  move  through  the  air  or  water  with  the  smallest  pos- 
sible resistance  which  a  body  of  those  dimensions  can  meet,  then  we  must 
form  it  into  a  flgure  of  a  peculiar  kind,  called  the  Solid  of  least  residanoe^ 
because,  of  all  the  shapes  that  can  be  given  to  the  body,  its  length  and 
breadth  remaining  the  same,  this  is  the  one  which  will  make  it  move  with 
the  least  resistance  through  the  air  or  water,  or  other  fluid.  A  very  dif- 
ficult chain  of  mathematical  reasoning,  by  means  of  the  highest  branches 
of  algebra,  leads  to  a  knowledge  of  the  curve,  which,  by  revolving  on  its 
axis,  makes  a  solid  of  this  shape,  in  the  same  way  that  a  circle,  by  so  re- 
volving, makes  a  sphere  or  globe;  and  the  curve  certainly  resembles 
closely  the  face  or  head  part  of  a  fish.  Nature,  therefore,  (by  which  we 
always  mean  the  Divine  Author  of  nature,)  has  fashioned  these  fishes  so, 
that,  according  to  mathematical  principles,  they  swim  the  most  easily 
through  the  element  they  live  and  move  in^* 

Suppose  upon  the  face  part  of  one  of  these  fishes  a  small  insect  were 
bred,  endowed  with  faculties  sufficient  to  reason  upon  its  condition,  and 
upon  the  motion  of  the  fish  it  belonged  to,  but  never  to  have  disco- 
vered the  whole  size  and  shape  of  the  face  part ;  it  would  certainly  com- 
plain of  the  form  as  clumsy,  and  fancy  that  it  could  have  made  the  fish  so 
as  to  move  with  less  resistance.  Yet  if  the  whole  shape  were  disclosed  to 
it,  and  it  could  discover  the  principle  on  which  that  shape  was  preferred, 
H  would  at  once  perceive,  not  only  that  what  had  seemed  clumsy  was 
skilfully  contrived,  but  that,  if  any  other  shape  whatever  had  been  taken, 
there  would  have  been  an  error  committed ;  nay,  that  there  fnxtst  ofneoa- 
sity  have  been  an  error ;  and  that  the  very  best  possible  arrangement  had 
been  adopted.  So  it  may  be  with  Man  in  the  Universe,  where,  seeing 
only  a  part  of  the  great  system,  he  fancies  there  is  evil ;  and  yet*  if  he 
were  permitted  to  survey  the  whole,  what  had  seemed  imperfect  might 
appear  to  be  necessary  for  the  general  perfection,  insomuch  that  any  other 
arrangement,  even  of  that  seemingly  imperfect  part,  must  needs  have  ren- 
dered the  whole  less  perfect.  The  common  objection  is,  that  what  seems 
evil  migkt  have  been  avoided;  but  in  the  case  of  the  fi:$h's  shape*  it  could 
not  have  been  avoided. 

It  is  found  by  Optical  inquiries,  that  the  particles  or  rays  of  light*  in 
passing  through  transparent  substances  of  a  certain  form,  are  bent  to  a 
point  where  they  make  an  image  or  picture  of  the  shining  bodies  they 
come  from,  or  of  the  dark  bodies  they  are  reflected  from.    Thus*  if  a  pair 

*  The  feathers  of  the  wings  of  birds  are  found  to  be  placed  at  the  bett  pombie  angle 
fpT  helping  on  the  bird  by  their  action  on  the  air. 


PLEASURES  OF  SCIENCE.  88 

of  spectacles  be  held  between  a  candle  and  the  wall,  they  make  two 
images  of  the  candle  upon  it ;  and  if  they  be  held  between  the  window 
and  a  sheet  of  paper  when  the  sun  is  shining,  they  make  a  picture  on  the 
paper  of  the  houses,  trees,  fields,  sky,  and  clouds.  The  eye  is  found  Ic 
he  composed  of  several  natural  magnifiers  which  make  a  picture  on  a 
membrane  at  the  back  of  it,  and  from  this  membrane  there  g^es  a  nerve 
to  the  brain,  conveying  the  impression  of  the  picture,  by  means  of  which 
we  see.  Now,  white  light  was  discovered  by  Newton  to  consist  of  dif- 
ferently-coloured parts,  which  are  differently  bent  in  passing  through 
transparent  substances,  so  that  the  lights  of  several  colours  come  to  a 
point  at  different  distances,  and  thus  create  an  indistinct  image  at  any  one 
distance.  This  was  long  found  to  make  our  telescopes  imperfect,  insomuch 
that  it  became  necessary  to  make  them  of  reflectors  or  mirrors,  and  not 
of  magnifying  glasses,  the  same  difference  not  being  observed  to  affect 
the  reflection  of  light.  But  another  discovery  was,  about  fifty  years  after- 
wards, made  by  Mr.  Dollond, — that,  by  combining  different  kinds  of  glass 
in  a  compound  magnifier,  the  difference  may  be  greatly  corrected  ;  and  on 
this  principle  he  constructed  his  telescopes.  It  is  found,  too,  that  the  dif- 
ferent natural  magnifiers  of  the  eye  are  combined  upon  a  principle  of  the 
same  kind.  Thirty  years  later,  a  third  discovery  was  made  by  Mr.  Blair, 
of  the  greatly  superior  effect  which  combinations  of  different  liquids  have 
in  correcting  the  imperfection ;  and,  most  wonderful  to  think,  when  the 
eye  is  examined,  we  find  it  consists  of  different  liquids,  acting  naturally 
upon  the  same  principle  which  was  thus  recently  found  out  in  Optics  by 
many  ingenious  mechanical  and  chemical  experiments. 

Again,  the  point  to  which  any  magnifier  collects  the  light  is  more  or 
less  distant  as  the  magnifier  is  flatter  or  rounder,  so  that  a  small  globe  of 
glass  or  any  transparent  substance  makes  a  microscope.  And  this  pro- 
perty of  light  depends  upon  the  nature  of  lines,  lind  is  purely  of  a  mathe- 
matical nature,  after  we  have  once  ascertained  by  experiment,  that  light  is 
bent  in  a  certain  way  when  it  passes  through  transparent  bodies.  Now 
birds  flying  in  the  air,  and  meeting  with  many  obstacles,  as  branches  and 
leaves  of  trees,  require  to  have  their  eyes  sometimes  as  flat  as  possible  for 
protection ;  but  sometimes  as  round  as  possible,  that  they  may  see  the 
small  objects,  flies  and  other  insects,  which  they  are  chasing  through  the 
air,  and  which  they  pursue  with  the  most  unerring  certainty.  This  could 
only  be  accomplished  by  giving  them  a  power  of  suddenly  changing  the 
form  of  their  eyes.  Accordingly  there  is  a  set  of  hard  scales  placed  on 
the  outer  coat  of  their  eye,  round  the  place  where  the  light  enters ;  and 
over  these  sc&les  are  drawn  the  muscles  or  fibres  by  which  motion  is  com- 
municated ;  so  that,  by  acting  with  these  muscles,  the  bird  can  press  the 
scales,  and  squeeze  the  natural  magnifier  of  the  eye  into  a  round  shape 
when  it  wishes  to  follow  an  insect  through  the  air,  and  can  relax  the 
scales  in  order  to  flatten  the  eye  again  when  it  would  see  a  distant  object, 
or  move  safely  through  leaves  and  twigs.  This  power  of  altering  the 
shape  of  the  eye  is  possessed  by  birds  of  prey  in  a  very  remarkable  degree. 
They  can  thus  see  the  smallest  objects  close  to  them,  and  can  yet  discern 
larger  bodies  at  vast  distances,  as  a  carcass  stretched  upon  the  plain,  or  a 
dying  fish  afloat  on  the  water. 

A  singular  provision  is  made  for  keeping  the  surface  of  the  bird  s  eye 
clean — for  wiping  the  glass  of  the  instrument,  as  it  were — and  also  for 
protecting  it,  while  rapidly  flying  through  the  air  and  through  thickets, 
without  hindering  the  sight.  Birds  are,  for  these  purposes,  furnished 
with  a  third  eyelid,  a  fine  membrane  or  skin,  which  is  constantly  moved 
very  rapidly  over  the  eyeball   by  two  muscles  placed  u\  \\\e  Vi^^:^  o^  >\\* 
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eye.  One  of  the  muscles  ends  in  a  loop,  the  other  in  a  string  which  goes 
through  the  loop,  and  is  fixed  in  the  corner  of  the  membrane,  to  pull  it 
backward  and  forward.  If  you  wish  to  draw  a  thing  towards  any  place 
with  the  least  force,  you  must  pull  directly  in  the  line  between  the  thing 
and  tlie  place ;  but  if  you  wish  to  draw  it  as  quickly  as  possible,  and  with 
the  most  convenience,  and  do  not  regard  the  loss  of  force,  you  must  pull 
it  obliquely,  by  drawing  it  in  two  directions  at  once.  Tie  a  string  to  a 
stone,  and  draw  it  straight  towards  you  witli  one  hand ;  then,  make  a 
loop  on  another  string,  and  running  the  first  through  it,  draw  one  string 
in  each  hand,  not  towards  you,  but  sideways,  till  both  strings  are  stretched 
in  a  straight  line :  you  will  see  how  much  more  easily  the  stone  moves 
quickly  than  it  did  before  when  pulled  straight  forwaitl.  Again,  if  you 
tie  strings  to  the  two  ends  of  a  rod,  or  slip  of  card,  in  a  running  groove, 
and  bring  them  to  meet  and  pass  through  a  ring  or  hole,  for  every  inch 
in  a  straight  line  tliat  you  draw  both  together  below  the  ring,  the  rod  will 
move  onward  two.  Now  this  is  proved,  by  mathematical  reasoning,  to 
l)e  the  necessary  consequence  of  forces  applied  obliquely :  there  is  a  loss 
of  power,  but  a  great  gain  in  velocity  and  convenience.  This  is  the  thing 
retpiired  to  be  gained  in  the  third  eyelid,  and  the  contrivance  is  exactly 
that  of  a  string  and  a  loop,  moved  each  by  a  muscle,  as  the  two  strings 
are  by  the  hands  in  the  cases  we  have  been  supposing. 

A  third  eyelid  of  the  same  kind  is  found  in  the  horse,  and  called  the 
haw ;  it  is  moistened  with  a  pulpy  substance  (or  mucilage)  to  take  hold 
of  the  dust  on  the  eyeball,  and  wipe  it  clear  off;  so  that  the  eye  is  hardly 
ever  seen  with  any  thing  upon  it,  though  greatly  exposed  from  its  size 
and  posture.  The  swifl  motion  of  the  haw  is  given  to  it  by  a  gristly, 
elastic  substance,  placed  between  the  eyeball  and  the  socket,  and  striking 
obliquely,  so  as  to  drive  out  the  haw  with  great  velocity  over  the  eye,  and 
then  let  it  come  back  as  quickly.  Ignorant  persons,  when  this  haw  is 
inflamed  from  cold,  and  swells  so  as  to  appear,  which  it  never  does  in  a 
healthy  state,  oflen  mistake  it  for  an  imperfection,  and  cut  it  off:  so  nearly 
do  ignorance  and  cruelty  produce  the  same  mischief. 

If  any  quantity  of  matter,  as  a  pound  of  wood  or  iron,  is  fashioned  into 
a  rod  of  a  certain  length,  say  one  foot,  the  rod  will  be  strong  in  proportion 
to  its  thickness  ;  and,  if  the  figure  is  the  same,  that  thickness  can  only  be 
increased  by  making  it  hollow.  Therefore,  hollow  rods  or  tubes,  of  the 
same  leng^th  and  quantity  of  matter,  have  more  strength  than  solid  ones. 
This  is  a  principle  so  well  understood  now,  that  engineers  make  their 
axles  and  other  parts  of  machinery  hollow,  and  therefore  stronger  with 
the  same  weight,  than  they  would  be  if  thinner  and  solid.  Now  the 
bones  of  animals  are  all  more  or  less  hollow ;  and  are  therefore  stronger 
with  the  same  weight  and  quantity  of  matter  than  they  otherwise  would 
be.  But  birds  have  the  largest  bones  in  proportion  to  their  weight ;  their 
bones  are  more  hollow  than  those  of  animals  which  do  not  fly ;  and  there- 
fore they  have  the  needful  strength  without  having  to  carry  more  weight 
than  is  absolutely  necessary.  Their  quills  derive  strength  from  the  same 
construction.  They  possess  another  peculiarity  to  help  their  flight.  No 
other  animals  have  any  communication  between  the  air-vessels  of  \he\t 
lungs  and  the  hollow  parts  of  their  bodies;  but  birds  have  it;  and  by 
this  means  they  can  blow  out  their  bodies  as  we  do  a  bladder,  and  thus 
become  lighter  when  they  would  either  make  their  flight  towards  the 
ground  slower,  or  rise  more  swiftly,  or  float  more  easily  in  the  air ;  while, 
by  lessening  their  bulk  and  closing  their  wings,  they  can  drop  moie 
speedily  if  they  wish  to  chase,  or  to  escape.  Fishes  possess  a  power  of 
the  same  kind,  though  nut  by  the  same  means.     They  have  air-bladdtrt 
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in  their  bodies,  and  can  puff  them  out,  or  press  them  doner,  at  pleasure 
when  tliey  want  to  rise  in  the  water,  they  fill  out  the  bladder,  and  this 
Eghteus  them :  when  they  would  sink,  they  squeeze  the  bladder,  pressing 
£e  air  into  a  smaller  space,  and  this  makes  them  heavier.  If  the  bladder 
Areaks,  the  fish  remains  at  the  bottom,  and  can  be  held  up  only  by  the 
roost  laborious  exertions  of  the  fine  and  tail.  Accordingly,  flat  fish,  as 
skaits  and  flounders,  which  have  no  air-bladders>  seldom  rise  from  the 
bottom,  but  are  found  lying  on  banks  in  the  sea,  or  at  the  bottom  of  rivers 
If  you  have  a  certain  space,  as  a  room,  to  fill  up  with  closets  or  little 
ceUs,  all  of  the  same  size  and  shape,  there  are  only  three  figures  which 
will  answer,  and  enable  you  to  fill  the  room  without  losing  any  space 
between  the  cells ;  they  must  either  be  squares,  or  figures  of  three  equal 
Hides,  or  figures  of  six  equal  sides.  With  any  other  figures  whatever, 
space  would  be  lost  between  the  cells.  This  is  evident  upon  considering 
the  matter ;  and  it  is  proved  by  mathematical  reasoning.  The  six-sided 
figure  is  by  far  the  most  convenient  of  those  three  shapes,  because  its 
comers  are  flatter,  and  any  round  body  placed  in  it  has  therefore  more 
8}>ace,  less  room  being  lost  in  the  cornen?.  Tliis  figure,  too,  is  the 
Htrongest  of  the  thriee ;  any  pressure  from  without  or  from  within  will 
hurt  it  least,  as  it  has  something  of  the  strength  of  an  arch  A  round 
figure  would  be  still  stronger,  but  tlien  room  would  be  lost  between  the 
circles,  whereas  with  the  six-sided  figure  none  is  lost.  Now,  it  is  a  most 
remarkable  fact,  that  Bees  build  their  cells  exactly  in  this  shape,  and 
thereby  save  both  room  and  materials  beyond  what  tliey  could  save  if 
they  built  in  any  other  shape  whatever.  They  build  in  the  very  best  pos- 
sible shape  for  their  purpose,  which  is  to  save  all  tHe  room  and  all  the 
wax  they  can.  So  far  as  to  the  shape  of  the  walls  of  each  cell ;  but  the 
roof  and  floor,  or  top  and  bottom,  are  built  on  equally  true  principles. 
It  is  proved  by  mathematicians,  that,  to  give  the  greatest  strengrth,  and 
save  the  most  room,  the  roof  and  floor  must  be  made  of  three  square 
planes  meeting  in  a  point ;  and  they  have  further  proved,  by  a  demon- 
stration belonging  to  the  highest  parts  of  Algebra,  that  there  is  one  par- 
ticular angle  or  inclination  of  those  planes  to  each  other  where  tliey  meet, 
which  makes  a  greater  saving  of  materials  and  of  work  than  any  other 
inclination  whatever  could  possibly  do.  Now,  the  Bees  actually  make 
the  tops  and  bottoms  of  their  cells  of  three  planes  meeting  in  a  point ; 
and  the  inclinations  or  angles  at  which  they  meet  are  precisely  those 
found  out  by  the  mathematician  to  be  the  best  possible  for  saving  wax 
and  work*.  Who  would  dream  of  the  bee  knowing  the  highest  branch  of 
the  Mathematics — ttie  fruit  of  Newton's  most  wonderful  discovery — a 
result,  too,  of  which  he  was  himself  ignorant,  one  of  his  most  celebrated 
followers  having  found  it  out  in  a  later  age  ?  This  little  insect  works 
with  a  truth  and  eorrectness  which  are  perfect,  and  according  to  prin- 
ciples at  which  man  has  arrived  only  after  ages  of  slow  improvement  in 
the  most  difficult  branch  of  the  most  difficult  science.  But  to  the  Mighty 
and  All-wise  Creator,  who  made  the  insect  and  the  philosopher,  bestow- 
ing reason  on  the  latter,  and  giving  the  former  to  work  without  it — to 
Him  all  truths  are  known  from  all  eternity,  witli  an  intuition  that  mocks 
even  the  conceptions  of  the  sagest  of  human  Rind. 

•  Koeuig,  pupil  of  BernouiHi^  whI  Maclaurin,  proved  by  very  refined  investigations,  carried 
on  with  the  aid  of  the  fluxional  calculus,  that  the  ohtuso  angle  must  be  109°  28',  and  the 
acute  70^  32^,  to  save  the  moat  wax  and  work  possible.  Maraldi  found,  hy  actual  measure 
neot,  that  the  angles  are  about  UO^  and  VO**.  These  imgles  never  vary  m  any  place ;  and 
it  is  scarcely  less  singular,  that  the  breadths  of  all  bees*  cells  are  every  where  precisely  th# 
same,  the  drone  or  male  cells  being  y^th,  and  the  worker  or  female  cells  4|lh  o(  %x\  'v>xcV 
la  breadth^  and  this  in  all  countries  and  times. 
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It  may  be  recollected,  that  when  the  air  is  exhausted  or  sucked  out  of 
any  vessel,  there  is  no  longer  the  force  necessary  to  resist  the  pressure  of 
the  air  on  the  outside  ;  and  the  sides  of  the  vessels  are  therefore  pressed 
inwards  with  violence :  a  flat  glass  would  thus  be  broken,  unless  it  were 
very  thick ;  a  round  one,  having  the  strength  of  an  arch,  would  resist 
better ;  but  any  soil  substance,  as  leather  or  skin,  would  be  crushed  or 
squeezed  together  at  once.  If  the  air  was  only  sucked  out  slowly,  the 
squeezing  would  be  gradual ,  or,  if  it  were  only  half  sucked  out,  the  skin 
would  only  be  partly  squeezed  together.  This  is  the  process  by  which 
Bees  reach  the  fine  dust  and  juices  of  hollow  flowers,  like  the  honeysuckle, 
and  some  kinds  of  long  fox-glove,  which  are  too  narrow  for  them  to  enter. 
They  All  up  the  mouth  of  Uie  flower  with  their  bodies,  and  suck  out  the 
air,  or  at  least  a  large  part  of  it :  this  makes  the  sofl;  sides  of  the  flower 
close,  and  squeezes  the  dust  and  juice  towards  the  insect  as  well  as  a 
hand  could  do,  if  applied  to  the  outside. 

We  may  remember  this  pressure  or  weight  of  the  atmosphere  as  shown 
by  the  Barometer,  and  the  Sucking-pump.     Its  weight  is  near  fifteen 
pounds  on  every  square  inch,  so  that  if  we  could  entirely  squeeze  out  the 
air  between  our  two  hands,  they  would  cling  together  with  a  force  equal 
to  the  pressure  of  double  this  weight,  because  the  air  would  press  upon 
both  hands ;  and  if  we  could  contrive  to  suck  or  squeeze  out  the  air 
between  one  hand  and  the  wall,  tlie  hand  would  stick  fast  to  the  wall, 
being  pressed  on  it  with  the  weight  of  above  two  hundred  weight,  that  is, 
near  fifteen  pounds  on  every  square  inch  of  the  hand.     Now,  by  a  late 
most  curious  discovery  of  Sir  Everard  Home,  the  distinguished  anatomist, 
it  is  found  that  this  is  the  very  process  by  which  Flies  and  other  insects 
of  a  similar  description  are  enabled  to  walk  up  perpendicular  surfisu^es, 
however  smooth,  as  the  sides  of  walls  and  panes  of  glass  in  windows,  and 
to  walk  as  easily  along  the  ceiling  of  a  room  with  their  bodies  downwards 
and  their  feet  over  head.     Their  feet,  when  examined  by  a  microscope, 
are  found  to  have  flat  skins  or  flaps,  like  the  feet  of  web-footed  animals, 
as  ducks  and  geese  ;  and  they  have  by  means  of  strong  folds  the  power 
of  drawing  the  flap  close  down  upon  the  glass  or  wall  the  fly  walks  on, 
and  thus  squeezing  out  the  air  completely,  so  as  to  make  a  vacuum  be- 
tween the  foot  and  the  glass  or  wall.     The  consequence  of  this  is,  that  the 
air  presses  the  foot  on  the  wall  with  a  very  considerable  force  compared 
to  the  weight  of  the  fly ;  for  if  its  feet  are  to  its  body  in  the  same  pro- 
portion as  ours  are  to  our  bodies,  since  we  could  support  by  a  single 
hand  on  the  ceiling  of  the  room  (provided  it  made  a  vacuum)  more  than 
our  whole  weight,  namely,  a  weight  of  above  flfleen  stone,  the  fly  can 
easily  move  on  four  feet  in  the  same  manner  by  help  of  the  vacuum  nmde 
under  its  feet. 

It  has  likewise  been  found  that  some  of  the  larger  Sea-animcUs  are 
by  the  same  construction,  only  upon  a  greater  scale,  enabled  to  climb  the 
perpendicular  and  smooth  surfaces  of  the  ice  hills  among  which  they  live. 
Some  kinds  of  Lizard  have  a  like  power  of  climbing,  and  of  creeping 
with  their  bodies  downwards  along  the  ceiling  of  a  room ;  and  the  means 
by  which  they  are  enabled  to  do  so  are  the  same.  In  the  large  feet  of 
those  animals,  the  contrivance  is  easily  observed,  of  the  toes  and  muscles, 
by  which  the  skin  of  the  foot  is  pinned  down,  and  the  air  excluded  in 
the  act  of  walking  or  climbing ;  but  it  is  the  very  same,  only  upon  a 
larger  scale,  with  the  mechanism  of  a  fly's  or  a  butterfly's  foot ;  and 
both  operations,  the  climbing  of  the  sea-horse  on  the  ice,  and  the  creeping 
of  the  fly  on  the  window  or  the  ceiling,  are  performed  exactly  by  the  same 
power,  the  weight  of  the  atmosphere,  which   causes  the  ^luicksilver  to 
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stand  in  tlie  weather-glass,  the  wind  to  whistle  through  a  key-hole,  and  the 
piston  to  descend  in  an  old  steam-engine. 

Although  philosophers  are  not  agreed  as  to  the  peculiar  action  which 
light  exerts  upon  vegetation,  and  there  is  even  some  doubt  respecting 
the  decomposition  of  air  and  water  during  that  process,  one  thing  is  un- 
deniable,— ^the  necessity  of  light  to  the  growth  and  health  of  plants  ? 
without  it  they  have  neither  colour,  taste,  nor  smell ;  and  accordingly  they 
are  for  the  most  part  so  formed  as  to  receive  it  at  all  times  when  it  shines 
on  them.  Their  cups,  and  the  little  assemblages  of  their  leaves  before 
they  sprout,  are  found  to  be  more  or  less  affected  by  the  light,  so  as  to 
open  and  receive  it.  In  several  kinds  of  plants  this  is  more  evident 
than  in  others  ;  their  flowers  close  entirely  at  night,  and  open  in  the  day. 
Some  constantly  turn  round  towards  the  light,  following  the  sun,  as  it 
were,  while  he  makes  or  seems  to  make  his  revolution,  so  that  they  receive 
the  g^reatest  quantity  possible  of  his  rays.  Thus  clover  in  a  field  follows 
the  apparent  course  of  the  sun.  But  all  leaves  of  plants  turn  to  the  sun, 
place  them  how  you  will,  light  being  essential  to  their  thriving. 

The  lightness  of  inflammable  gas  is  well  known.  When  bladders  of 
any  size  are  filled  with  it,  they  rise  upwards,  and  float  in  the  air.  Now, 
it  is  a  most  curious  fact,  ascertained  by  Mr.  Knight,  that  the  fine  dust,  by 
means  of  which  plants  are  impregnated  one  fix>m  another,  is  composed 
of  very  small  globules,  filled  with  this  gas — in  a  word,  of  small  air-bal- 
loons. These  globules  thus  float  from  the  male  plant  through  the  air, 
and  striking  against  the  females,  are  detained  by  a  glue  prepared  on  pur« 
pose  to  stop  them,  which  no  sooner  moistens  the  globules  than  they  ex- 
plode, and  their  substance  remains,  the  gas  flying  off  which  enabled  them 
to  float.  A  provision  of  a  very  simple  kind  is  also,  in  some  cases,  made 
to  prevent  the  male  and  female  blossoms  of  the  same  plant  firom  breed- 
ing together,  this  being  found  to  hurt  the  breed  of  vegetables.  Just  as 
breeding  in  and  in  spoils  the  race  of  animals.  It  is  contrived  that  the 
dust  shall  be  shed  by  the  male  blossom  before  the  female  of  the  same 
plant  is  ready  to  be  affected  by  it ;  so  that  the  impregnation  must  be 
performed  by  the  dust  of  some  other  plant,  and  in  this  way  the  breed  be 
crossed.  The  light  gas  with  which  the  globules  are  filled  is  most  essen- 
tial to  the  operation,  as  it  conveys  them  to  great  distances.  A  plantation 
of  yew-trees  has  been  known,  in  this  way,  to  impregnate  another  several 
hundred  yards  off. 

The  contrivance  by  which  some  creeper  plants  are  enabled  to  climb 
walls,  and  fix  themselves,  deserves  attention.  The  Virginia  creeper  has 
a  small  tendril,  ending  in  a  claw,  each  toe  of  which  has  a  knob,  thickly 
set  with  extremely  small  bristles ;  they  grow  into  the  invisible  pores  of 
the  wall,  and  swelling,  stick  there  as  long  as  the  plant  grows,  and  prevent 
the  branch  from  falling ;  but  when  the  plant  dies,  they  become  thin  again, 
and  drop  out,  so  that  the  branch  falls  down. 

The  Vanilla  plant  of  the  West  Indies  climbs  round  trees  likewise  by 
means  of  tendrils ;  but  when  it  has  fixed  itself,  the  tendrils  drop  off,  and 
leaves  are  formed. 

It  is  found  by  chemical  experiments,  that  the  juice  which  is  in  the 
stomachs  of  animals  (called  the  gastric  juice,  from  a  Greek  word, 
signifying  the  belly)  has  very  peculiar  properties.  Though  it  is  for  the 
most  part  a  tasteless,  clear,  and  seemingly  a  very  simple  liquor,  it  never- 
theless possesses  extraordinary  powers  of  dissolving  substances  which  it 
touches  or  mixes  with  ;  and  it  varies  in  different  classes  of  animals.  In 
one  particular  it  is  the  same  in  all  animals ;  it  will  not  attack  living 
matter,  but  only  dead ;  the  consequence  of  which  is,  that  its  ^o^«.t^  o^  taXvsy^ 
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away  and  dissolving  are  perfectly  safe  to  the  animals  themselves,  \m 
whose  stomachs  it  remains  without  ever  hurting  them.  This  juice  differs 
in  different  animals  according  to  the  food  on  which  they  subsist ;  thus  in 
birds  of  prey,  as  kites,  hawks,  owls,  it  only  acts  upon  animal  matter,  and 
does  not  dissolve  vegetables.  In  other  birds,  and  in  all  animals  feeding 
on  plants,  as  oxen,  sheep,  hares,  it  dissolves  vegetable  matter,  as  grass, 
but  will  not  touch  flesh  of  any  kind.  This  has  been  ascertained  by  making 
them  swallow  balls  with  meat  in  them,  and  several  holes  drilled  through, 
to  let  the  gastric  juice  reach  the  meat;  no  effect  was  produced  upon  it. 
We  may  further  obser\'e,  that  there  is  a  most  curious  and  beautiful  cor- 
respondence between  tliis  juice  in  the  stomach  of  different  animals  and 
the  other  parts  of  their  bodies,  connected  with  the  important  operations 
of  eating  and  digesting  their  food.  The  use  of  the  juice  is  plainly  to 
convert  what  they  eat  into  a  fluid,  from  which,  by  various  other  orocesses, 
all  their  parts,  blood,  bones,  muscles,  &c.,  are  afterwards  formed.  But 
the  food  is  flrst  of  all  to  be  obtained,  and  then  prepared  by  bruising  for 
the  action  of  the  juice.  Now  birds  of  prey  have  instruments,  their  claws 
and  beaks,  for  tearing  and  devouring  their  food,  (that  is,  animals  of 
various  kinds,}  but  those  instruments  are  useless  for  picking  up  and 
crushing  seeds :  accordingly  they  have  a  g^tric  juice  which  dissolves  tlie 
animals  they  eat ;  while  birds  which  have  only  a  beak  flt  for  ]>ecking, 
and  eating  seeds,  have  a  juice  that  dissolves  seeds,  and  not  flesh.  Nay 
more,  it  is  found  that  the  seeds  must  be  bruised  before  the  juice  will  dis- 
solve them :  this  you  find  by  trying  the  experiment  in  a  vessel  with  the 
juice ;  and  accordingly  the  birds  have  a  gizzard,  and  animals  which  graze 
have  flat  teeth,  which  grind  and  bruise  Uieir  food,  before  the  g^tric  juice 
is  to  act  upon  it. 

We  have  seen  how  wonderfully  the  Bee  works,  according  to  rules  dis- 
covered by  man  thousands  of  years  after  the  insect  had  been  following 
them  with  perfect  accuracy.  The  same  little  animal  seems  to  be  ac- 
quainted with  principles  of  which  we  are  still  ignorant  We  can,  by 
crossing,  vary  the  forms  of  cattle  with  astonishing  nicety ;  but  we  have 
no  means  of  altering  the  nature  of  an  animal  once  bom,  by  means  of 
treatment  and  feeding.  This  power,  however,  is  undeniably  possessed  by 
the  bees.  When  the  queen  bee  is  lost  by  death  or  otherwise,  they  choose 
a  grub  from  among  those  which  are  bom  for  workers ;  they  make  three 
cells  into  one,  and  placing  the  grub  there,  they  build  a  tube  round  it ;  the} 
afterwards  build  another  cell  of  a  pyramidal  form,  into  which  the  grub 
grows  ;  they  feed  it  with  peculiar  food,  and  tend  it  with  extreme  care. 
It  becomes,  when  transformed  from  the  worm  to  the  fly,  not  a  worker, 
but  a  queen  bee. 

These  singular  insects  resemble  our  own  species,  in  one  of  our  worst 
propensities,  the  disposition  to  war;  but  their  attention  to  their  sovereign 
is  equally  extraordinary,  though  of  a  somewhat  capricious  kind.  In  a 
few  hours  after  their  queen  is  lost,  the  whole  hive  is  in  a  state  of  confusion. 
A  singular  humming  is  heard,  and  the  bees  are  seen  moving  all  over  the 
surface  of  the  combs  with  great  rapidity.  The  news  spread  quickly,  and 
when  the  queen  .s  restored,  quiet  immediately  succeeds.  But  if  another 
queen  is  put  upon  them,  they  instantly  discover  the  trick,  and,  surrounding 
her,  they  either  suffocate  or  starve  her  to  death.  Tliis  happens  if  the 
false  queen  is  introduced  within  a  few  hours  after  the  first  is  lost  or  re- 
moved ;  but  if  twenty-four  hours  have  elapsed,  they  will  receive  any 
queen,  and  obey  her. 

The  labours  and  the  policy  of  the  ^91^  are,  when  closely  examined,  still 
more  wonderful,  perhai  s,  than  those  of  the  Bees.     Their  nest  is  a  city 
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ooDsisting  of  dwelling-])laces,  halls,  streets,  and  squares  into'  ^hich  the 
streets  open.  The  food  tliey  priiicipally  like  is  the  honey  which  comes 
from  another  insect  found  in  their  neighbourhood,  and  which  they,  gene- 
rally speaking,  bring  home  from  day  to  day  as  they  want  it.  Late  dis- 
coveries have  shown  that  they  do  not  eat  grain,  but  live  almost  entirely 
on  animal  food  and  this  honey.  Some  kinds  of  ant  have  the  foresight 
to  bring  home  the  insects  on  whose  honey  they  feed,  and  keep  them  in 
oarticular  cells,  where  they  guard  them  to  prevent  their  escaping,  and 
leed  them  with  proper  vegetable  matter  which  they  do  not  eat  them- 
selves. Nay,  they  obtain  the  eggs  of  those  insects,  and  superintend  their 
hatching,  and  tlftn  rear  the  young  insect  until  he  becomes  capable  of  sup- 
plying the  desired  honey.  They  sometimes  remove  them  to  the  strongest 
parts  of  their  nest,  where  there  are  cells  apparently  fortified  for  protecting 
them  from  invasion.  In  those  cells  the  insects  are  kept  to  supply  the 
wants  of  the  whole  ants  which  compose  the  population  of  the  city.  It  is 
a  most  singular  circuntstance  in  the  economy  of  nature,  that  the  degree 
of  cold  at  which  the  ant  becomes  torpid  is  also  that  at  which  this  insect 
falls  into  the  same  state.  It  is  considerably  below  the  freezing  point ; 
so  that  they  require  food  the  greater  part  of  the  winter,  and  if  the  insects 
on  which  they  depend  for  food  were  not  kept  alive  during  the  cold  in 
which  the  ants  can  move  about,  the  latter  would  be  without  the  means  of 
subsistence. 

How  trifling  soever  this  little  animal  may  appear  in  our  climate,  there 
are  few  more  formidable  creatures  than  the  ant  of  some  tropical  countries. 
A  traveller  who  lately  filled  a  high  station  in  the  French  government,  Mr. 
Malouet,  has  described  one  of  their  cities,  and,  were  not  the  account  con- 
firmed by  various  testimonies,  it  might  seem  exaggerated.  He  observed 
at  a  fi^eat  distance  what  seemed  a  lofly  structure,  and  was  informed  by 
his  guide  that  it  consisted  of  an  ant  hill,  which  could  not  be  approached 
without  danger  of  being  devoured.  Its  height  was  from  fifleen  to  twenty 
feet,  and  its  base  thirty  or  forty  feet  square.  Its  sides  inclined  like  the 
lower  part  of  a  pyramid,  the  point  being  cut  oflT.  He  was  informed  that 
it  became  necessary  to  destroy  these  nests,  by  raising  a  sufiScient  force  to 
dig  a  trench  all  round,  and  fill  it  with  fagots,  which  were  afterwards  set 
on  fire ;  and  then  battering  with  cannon  from  a  distance,  to  drive  the 
insects  out  and  make  them  run  into  the  flames.  This  was  in  South  Ame- 
rica ;  and  African  travellers  have  met  with  them  in  the  same  formidable 
numbers  and  strength. 

The  older  writers  of  books  upon  the  habits  of  some  animals  abound  with 
stories  which  may  be  of  doubtful  credit  But  the  facts  now  stated,  respect- 
ing the  Ant  and  Bee,  may  be  relied  on  as  authentic.  They  are  the  result 
of  very  late  observations,  and  experiments  made  with  great  accuracv  by 
several  most  worthy  and  intelligent  men ;  and  the  greater  part  of  them 
have  the  confirmation  arising  from  more  than  one  observer  having  assisted 
in  the  inquiries  *.  The  habits  of  Beavers  are  equally  well  authenticated, 
and,  being  more  easily  observed,  are  vouched  by  a  greater  number  of 
witnesses.  These  animals,  as  if  to  enable  them  to  live  and  move  either 
on  land  or  water,  have  two  web-feet  like  those  of  ducks  or  water  dogs, 
and  two  like  those  of  land  animals.  When  they  wish  to  construct  a  dwell- 
ing place,  or  rather  city,  for  it  serves  the  whole  body,  they  choose  a  level 
ground  with  a  stream  running  through  it ;  they  then  dam  up  the  stream 
so  as  to  make  a  pond,  and  perform  Uie  operation  as  skilfully  as  we  could 

•  A  sioguliu*  circumsUnce  occasioned  this  in  the  case  of  Mr.  Huber,  by  far  the  most  emi- 
nent of  these  naluralUte :  he  was  quite  blind,  and  performed  all  his  expenments  by  means  o 
asfti-taiits. 
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ourselves.  Next  they  drive  into  the  ground  stakes  of  five  or  sii  feet  long 
in  rows,  wattling  each  row  with  twigs,  and  puddling  or  filling  the  inter 
slices  with  clay  which  they  ram  close  in,  so  as  to  make  the  whole  solid 
and  water-tight.  This  dam  is  likewise  shaped  on  the  truest  principles ; 
for  the  upper  side  next  the  water  slopes,  and  the  side  below  is  perpen- 
dicular ;  the  base  of  the  dam  is  ten  or  twelve  feet  thick ;  the  top  or  nar- 
row part  two  or  three,  and  it  is  sometimes  as  long  as  one  hundred  feet  *. 
The  pond  being  thus  formed  and  secured,  they  make  their  houses  round 
the  edge  of  it ;  they  are  cells,  with  vaulted  roofs,  and  upon  piles :  they 
are  made  of  stones,  earthy  and  sticks ;  the  walls  are  two  feet  thick,  and 
plastered  as  neatly  as  if  the  trowel  bad  been  used.  Somttimes  they  have 
two  or  three  stories  for  retreating  to  in  case  of  fioods ;  and  they  always 
have  two  doors,  one  towards  the  water,  and  one  towards  the  land.  They 
keep  their  winter  provisions  in  stores,  and  bring  them  out  to  use ;  they 
make  their  beds  of  moss ;  they  live  on  the  bark  of  trees,  gums,  and  craw- 
fish. Each  house  holds  from  twenty  to  thirty,  afid  tliere  may  be  firom 
ten  to  twenty-five  houses  in  all.  Some  of  their  communities  are  larger 
than  others,  but  there  are  seldom  fewer  than  two  or  three  hundred  inha- 
bitants. In  working,  they  all  bear  their  shares ;  some  gnaw  the  trees 
and  branches  with  their  teeth  to  form  stakes  and  beams;  others  roll 
the  pieces  to  the  water ;  others,  diving,  make  holes  with  their  teeth  to 
place  the  piles  in ;  others  collect  and  carry  stcmes  and  clay ;  others  beat 
and  mix  the  mortar ;  and  others  carry  it  on  their  broad  tails,  and  witli 
these  beat  it  and  plaster  it.  Some  superintend  the  rest,  and  make  signals 
by  sharp  strokes  with  their  tail,  which  are  carefully  attended  to ;  the  bea- 
vers hastening  to  the  place  where  they  are  wanted  to  work,  or  to  repair 
any  hole  made  by  the  water,  or  to  defend  themselves  or  make  their  escape, 
when  attacked  by  an  enemy. 

The  fitness  of  different  animals,  by  their  bodily  structure,  to  the  cir- 
cumstances in  which  they  are  found,  presents  an  endless  subject  of  curious 
inquiry  and  pleasing  contemplation.  Thus,  the  Camel,  which  lives  in 
sandy  deserts,  has  broad  spreading  hoofs  to  support  him  on  the  loose 
soil ;  and  an  apparatus  in  his  body  by  which  water  is  kept  for  many  days, 
to  be  used  when  no  moisture  can  be  had.  As  this  would  be  useless  in 
the  neighbourhood  of  streams  or  wells,  and  as  it  would  be  equally  so  in 
the  desert  where  no  water  is  to  be  found,  there  can  be  no  doubt  that  it  is 
intended  to  assist  in  journeying  across  the  sands  fi-om  one  watered  spot 
to  another.  There  is  a  singrular  and  beautiful  provision  made  in  this  ani- 
mal's foot,  for  enabling  it  to  sustain  the  fatigue  of  journeys  under  the 
pressure  of  its  great  weight.  Beside  the  yielding  of  the  bones  and  liga- 
ments, or  bindings,  which  gives  elasticity  to  tlie  foot  of  the  deer  and  other 
animals,  there  is  in  the  Camel's  foot,  between  the  homy  sole  and  the 
bones,  a  cushion,  like  a  ball,  of  soft  matter,  almost  fluid,  but  in  which 
there  is  a  mass  of  threads  extremely  elastic,  interwoven  with  the  pulpy 
substance.     The  cushion  thus  easily  changes  its  shape  when  pressed,  yet 

•  If  the  base  U  twelve,  and  the  top  three  feet  thick,  and  the  height  six  feet,  the  face  moat 
be  the  side  of  a  right-angled  triangle,  vhose  height  is  eight  feet  This  would  be  the  exact 
proportion  which  there  ought  to  be,  upon  mathematical  principles,  to  give  the  greatest  resis- 
tance possible  to  the  water  in  its  tendency  to  turn  the  dam  round,  provided  the  materials  of 
which  it  is  made  were  lighter  than  water  in  the  proportion  of  44  to  100.  But  the  materials 
are  probably  more  than  twice  as  hea\-y  as  water,  and  the  form  of  so  flat  a  dike  is  Uken,  in  all 
likelihood,  in  order  to  guard  against  a  more  imminent  danger — that  of  the  dam  being  carried 
'iT*^  1*7  l***"?  shoved  forwards.  We  cannot  calculate  wliat  the  proportions  are  which  give 
the  greatest  possible  resistance  to  this  tendency,  without  knowing  the  tenacity  of  the  mate 
rials,  as  well  as  their  specific  gravity.  Jt  may  very  probably  be  found  that  the  construction 
i»  tuch  ti  to  secure  the  most  completely  against  the  two  pressures  at  the  same  time. 
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H  has  such  an  elastic  spring,  that  the  bones  of  the  foot  press  on  it  uuin 
jnred  by  Uie  heavy  body  which  they  support,  and  this  huge  animal  steps 
as  softly  as  a  cat. 

Nor  need  we  flee  to  the  desert  in  order  to  witness  an  example  of  skilful 
structure :  the  limbs  of  the  Horse  display  it  strikingly.  The  bones  of  the 
foot  are  not  placed  directly  under  the  i/^ight ;  if  they  were  in  an  upright 
position  they  would  make  a  firm  pillar,  and  every  motion  would  cause  a 
shock.  They  are  placed  slanting  or  oblique,  and  tied  together  by  an  elas- 
tic binding  on  their  lower  surfaces,  so  as  to  form  springs  as  exact  as 
those  which  we  make  of  leather  and  steel  for  carriages.  Then  the  flatness 
of  the  hoof  which  stretches  out  on  each  side,  and  the  frog  coming  down  in 
the  middle  between  the  quarters,  odds  g^reatly  to  the  elasticity  of  the 
madiine.  Ignorant  of  this,  vl-informed  farriers  nail  the  shoe  in  such  a 
manner  as  to  fix  the  quarters,  and  cause  permanent  contraction  of  the 
bones,  Ifgaments,  and  hoof — so  that  the  elasticity  is  destroyed ;  every  step 
is  a  shock ;  inflammation  and  lameness  ensue  *. 

The  Rein-deer  inhabits  a  country  covered  with  snow  the  greater  part  of 
the  year.  Observe  how  admirably  its  hoof  is  formed  for  going  over  that 
cold  and  light  substance,  without  sinking  in  it,  or  being  frozen.  The 
under  side  is  covered  entirely  with  hair,  of  a  warm  and  close  texture ;  and 
the  hoof,  altogether,  is  very  broad,  acting  exactly  like  the  snow-shoes 
which  men  have  constructed  for  giving  them  a  larger  space  to  stand  on 
than  their  feet,  and  thus  avoid  sinking.  Moreover,  the  deer  spreads  the 
hoof  as  wide  as  possible  when  it  touches  the  ground ;  but,  as  this  breadth 
would  be  inconvenient  in  the  air,  by  occasioning  a  greater  resistance  while 
he  is  moving  along,  no  sooner  does  he  lift  the  hoof  than  the  two  parts 
into  which  it  is  cloven  fall  together,  and  so  lessen  the  surface  exposed  to 
the  air,  just  as  we  may  recollect  the  birds  doing  with  their  bodies  and 
wings.  The  shape  and  structure  of  the  hoof  is  also  well  adapted  to  scrape 
away  the  snow,  and  enable  the  animal  to  get  at  the  particular  kind  of  moss 
(or  lichen)  on  which  he  feeds.  This  plant,  unlike  others,  is  in  its  full 
growth  during  the  winter  season ;  and  the  Uein-deer  accordingly  thrives, 
from  its  abundance,  at  the  season  of  his  greatest  use  to  man,  notwithstand- 
ing the  unfavourable  efiects  of  extreme  cold  upon  the  animal  system. 

There  are  some  insects,  of  which  the  males  have  wings,  and  the  females 
are  grubs  or  worms.  Of  these,  the  Glow-worm  is  the  most  remarkable  * 
it  is  the  female ;  and  the  male  is  a  fly,  which  would  be  unable  to  find  her 
outy  creeping  as  she  does  in  the  dark  lanes,  but  for  the  shining  light  which 
she  gives,  to  attract  him. 

There  is  a  singular  fish  found  in  the  Mediterranean,  called  the  Navti- 
luSf  fifom  its  skill  in  navigation.  The  back  of  its  shell  resembles  the  hulk 
of  a  ship ;  on  this  it  throws  itself,  and  spreads  two  thin  membranes  to 
serve  for  two  sails,  paddling  itself  on  with  its  feet,  or  feelers,  as  oars. 

Tlie  Ostrich  lays  and  hatches  her  eggs  in  the  sands :  her  form  being 
ill  adapted  for  sitting  on  them,  she  has  a  natural  oven  furnished  by  the 
sand,  and  the  strong  heat  of  the  sun.  The  Cuckoo  is  known  to  build  no 
nest  for  herself,  but  to  lay  in  the  nests  of  other  birds ;  but  late  observa- 
tions show  that  she  does  not  lay  indiscriminately  in  the  nests  of  all  birds ; 
she  only  chooses  tlie  nests  of  those  which  have  bills  of  the  same  kind  with 
herself,  and  therefore  feed  on  the  same  kind  of  food.  The  Duck,  and 
other  birds  breeding  in  muddy  places,  have  a  peculiar  formation  of  the 
bill:  it  is  both  made  so  as  to  act  like  a  strainer,  separating  the  finer  firom 
the  grosser  parts  of  the  liquid,  and  it  is  more  fiimished  with  nerves  near 

•  Mr.  Bncey  Clark  has  contriTed  an  expanding  shoe,  which,  by  a  joint  in  fronVopens  and 
costncts,  lo  ■•  to  ol>viate  the  erila  of  the  common  process. 
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the  point  than  the  bills  of  birds  which  feed  on  substances  more  exposed 
to  the  lig^t ;  so  that  being  more  sensitive,  it  serves  better  to  grope  in  the 
dark  stream  for  food.  The  bill  of  the  Snipe  is  covered  with  a  curious 
net  work  of  nerves  for  the  same  purpose ;  but  the  most  singular  provision 
of  this  kind  is  observed  in  a  bird  called  the  Toucan^  or  Egg-tucker^  which 
chiefly  feeds  on  the  egg^  found  in  birds'  nests,  and  in  countries  where 
these  are  very  deep  and  dark.  Its  bill  is  broad  and  long ;  when  exa- 
mined, it  appears  completely  covered  with  branches  of  nerves  in  all  direc- 
tions ;  so  that,  by  groping  in  a  deep  and  dark  nest  it  can  feel  its  way  as 
accurately  as  the  finest  and  most  delicate  finger  could.  Almost  all  kinds 
of  birds  build  their  nests  of  materials  found  where  they  inhabit,  or  use  the 
nests  of  other  birds;  but  tlie  Swallow  of  Java  lives  in  rocky  caverns  on 
the  sea,  where  there  are  no  materials  at  all  for  the. purpose  of  building. 
It  is  therefore  so  formed  as  to  secrete  in  its  body  a  kind  of  slime  with 
which  it  makes  a  nest,  much  prized  as  a  delicate  food  in  Eastern  coun- 
tries. 

Plants,  in  many  remarkable  instances,  are  provided  for  by  equally  won- 
derfiil  and  skilflil  contrivances.  There  is  one,  the  Muscipula,  Fly-trap^ 
or  Fly-catcher,  which  has  small  prickles  in  the  inside  of  two  leaves,  or  half 
leaves,  joined  by  a  hinge  ;  a  juice  or  syrup  is  provided  on  their  inner  sur 
face,  which  acts  as  a  bait  to  allure  flies.  There  are  several  small  spines 
or  prickles  standing  upright  in  this  syrup,  and  upon  the  only  part  of  each 
leaf  that  is  sensitive  to  the  touch.  When  the  fly,  therefore,  settles  upon 
this  part,  its  touching,  as  it  were,  the  spring  of  the  trap,  occasions  the 
leaves  to  shut,  and  kill  and  squeeze  the  insect ;  whose  juices  and  the  air 
arising  from  their  rotting  serve  as  food  to  the  plant. 

In  the  West  Indies,  and  other  hot  countries  of  South  America,  where 
rain  sometimes  does  not  fall  for  a  gjeat  length  of  time,  a  kind  of  plant 
called  the  ff^Ud-pine  grows  upon  the  branches  of  the  trees,  and  alsu  on 
the  bark  of  the  trunk.  It  has  hollow  or  bag-like  leaves  so  formed  as  to 
make  little  reservoirs  of  water,  the  rain  falling  into  them  tlirough  channels 
which  close  at  the  top  when  full,  and  prevent  it  from  evaporating.  The 
seed  of  this  useful  plant  has  small  floating  threads,  by  which,  when  carried 
through  the  air,  it  catches  any  tree  in  the  way,  and  falls  on  it  and  g^ws. 
Wherever  it  takes  root,  though  on  the  under  side  of  a  bough,  it  grows 
straight  upwards,  otherwise  the  leaves  would  not  hold  water.  It  holds  in 
one  leaf  from  a  pint  to  a  quart ;  and  although  it  must  be  of  great  use  to 
the  trees  it  grows  on,  to  birds  and  other  animals  its  use  is  even  greater. 
**  When  we  find  these  pines,"  says  Dampier,  the  famous  navinmlor, 
*'  we  stick  our  knives  into  the  leaves  just  above  the  root,  and  the  water 
gushing  out,  we  catch  it  in  our  hats,  as  I  myself  have  fi-equently  done  to 
my  great  relief." 

Another  tree  called  the  Water-with,  in  Jamaica,  has  similar  uses :  it  is 
like  a  vine  in  size  and  shape,  and  though  growing  in  parched  districts,  is 
yet  so  full  of  clear  sap  or  water,  that,  by  cutting  a  piece  two  or  three  yards 
long,  and  merely  holding  it  to  the  mouth,  a  plentiful  draught  is  obtained. 
In  the  East  there  is  a  plant  somewhat  of  the  same  kind,  called  the  Btjuco^ 
wliich  grows  near  other  trees  and  twines  round  them,  with  its  end  hang- 
ing downwards,  but  so  full  of  juice,  that,  on  cutting  it,  a  good  stream  of 
water  spouts  from  it ;  and  this,  not  only  by  the  stalk  touching  the  tree  so 
closely  must  refresh  it,  but  affords  a  supply  to  animals,  and  to  the  weary 
herdsman  on  the  mountains.  Another  plant,  the  Nepenthes  DistiUatoria, 
is  found  in  the  same  regions,  with  a  yet  more  singular  structure.  It  has 
natural  mugs  or  tankards  hanging  from  its  leaves,  and  holding  each  from 
a  pint  to  a  quart  of  very  pare  water. .   Two  singular  provisions  are  to  b« 
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BMurked  in  this  vegetable.  There  grows  over  the  mouth  of  the  tankard,  it 
leaf  nearly  its  size  and  shape,  like  a  lid  or  cover,  which  prevents  evapora- 
tion irom  the  sun's  rays ;  and  the  water  that  fills  the  tankard  is  perfectly 
sweet  and  clear,  although  the  ground  in  which  the  plant  grows  is  a  marsh 
of  the  most  muddy  and  unwholesome  kind.  The  process  of  vegetation 
filtrates  or  distils  the  liquid,  so  as  to  produce,  from  the  worst,  the  purest 
water  *.  The  PeUo  de  Vaca^  or  cow- tree,  grows  in  South  America,  upon 
the  most  dry  and  rocky  soil,  and  in  a  climate  where  for  months  not  a  drop 
of  rain  falls.  On  piercing  the  trunk,  however,  a  sweet  and  nourishing 
milk  is  obtained,  which  the  natives  gladly  receive  in  large  bowls.  If 
some  plants  thus  furnish  drink,  where  it  might  least  be  expected,  others 
pre])are,  as  it  were,  in  the  desert,  the  food  of  man  in  abundance.  A  single 
Tapioca  tree  is  said  to  afibrd,  firom  its  pitfau  the  whole  sustenance  of  seve- 
ral men  for  a  season. 

V.  ADVANTAGES  AND  PLEASURES  OF  SCIENCE. 
After  the  many  instances  or  samples  which  have  now  been  given  of  the 
nature  and  objects  of  Natural  Science,  we  might  proceed  to  a  different 
fiekl,  and  describe  in  the  same  way  the  other  grand  branch  of  Human 
knowledge,  that  which  teaches  the  properties  or  habits  of  Mind — the  tn- 
teUeciucU  faculties  of  man,  or  the  powers  of  his  understanding,  by  which 
he  perceives,  imagines,  remembers,  and  reasons  ; — his  moral  faculticsj  or 
the  feelings  and  passions  which  influence  him ; — and,  lastly,  as  a  conclu- 
sion or  result  drawn  from  the  whole,  his  duiie$  both  towards  himself  as  an 
individual,  and  towards  others  as  a  member  of  society ;  which  last  head 
opens  to  our  view  the  whole  doctrines  of  polilical  science^  including  the 
nature  of  govemmenU^  of  policy,  and  generally  of  laws.  But  we  shall  ab- 
stain at  present  from  entering  at  all  upon  this  field,  and  shall  now  take  up 
the  subject  more  particularly  pointed  at  through  the  course  of  the  fore- 
going observations,  and  to  illustrate  which  they  have  been  framed, 
namely, — the  U:ie  and  Pleasure  of  Scientific  Studies. 

Man  is  composed  of  two  parts,  body  and  mind,  connected  indeed  toge- 
ther, but  wholly  different  from  one  another  The  nature  of  the  union 
— the  part  of  our  outward  and  visible  frame  in  which  it  is  peculiarly 
formed — or  whether  the  soul  be  indeed  connected  or  not  with  any  parti- 
cular portion  of  the  body,  so  as  to  reside  there— are  points  as  yet  wholly 
hid  fiom  our  knowledge,  and  which  are  likely  to  remain  for  ever  concealed. 
But  this  we  know,  as  certainly  as  we  can  know  any  truth,  that  there  is 
such  a  thing  as  the  Mind ;  and  that  we  have  at  the  least  as  good  proof  of 
its  existence,  independent  of  the  Body,  as  we  have  of  the  existence  of  the 
Body  itself.  Eadi  has  its  uses,  and  each  has  its  peculiar  gratifications. 
The  bounty  of  Providence  has  given  us  outward  senses  to  be  employed, 
and  has  furnished  the  means  of  gratifying  them  in  various  kind,  and  in 
ample  measure.  As  long  as  we  only  taste  those  pleasures  according  to 
tlie  rules  of  prudence  and  of  our  duty,  that  is,  in  moderation  for  our  own 
sakea,  and  in  harmlessness  towards  our  neighbours,  we  fulfil  rather  than 
thwait  the  purpose  of  our  being.  But  the  same  bountiful  Providence  has 
endowed  us  with  the  higher  nature  also— with  understandings  as  vieW  as 
with  senses — with  Acuities  that  are  of  a  more  exalted  order,  and  admit  of 
more  refined  enjoyments,  than  any  to  which  the  bodily  frame  can  minister  ; 
and  by  pursuing  such  gratifications,  rather  than  those  of  mere  sense,  w.e 
fulfil  the  most  exalted  ends  of  our  creation,  and  obtain  both  a  present  and 
^  future  reward.     These  things  are  oflen  said,  but  they  are  not  therefore 

*  A  tpecimen  of  this  curions  plant,  though  of  at  smftll  s!^,  is  to  be  found  in  the  fine  eoi 
UcttOB  at  Wentworth,  reared  by  Mr.  Co.>per. 
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the  l€S8  true,  or  the  less  worthy  of  deep  attention.  Let  us  mark  their 
practical  application  to  the  occupations  and  enjoyments  of  all  branches  ot 
society,  beginning  with  those  who  form  the  great  bulk  of  every  community, 
the  working  classes,  by  what  names  soever  their  vocations  may  be  called 
•—professions,  arts,  trades,  handicrafls,  or  common  labour. 

1.  The  first  object  of  every  man  who  has  to  depend  upon  his  own  ei- 
•rtions  must  needs  be  to  provide  for  his  daily  wants.  This  is  a  high  and 
important  office ;  it  deserves  his  utmost  attention ;  it  includes  some  of  his 
most  sacred  duties,  both  to  himself,  his  kindred,  and  his  country ;  and 
although,  in  performing  this  task,  he  is  only  influenced  by  a  regard  to 
his  own  interest,  or  by  his  necessities,  yet  it  is  an  employment  which 
renders  him  truly  the  best  benefactor  of  the  community  he  belongs  to.  All 
other  pursuits  must  give  way  to  this ;  the  hours  which  he  devotes  to 
learning  must  be  aAer  he  has  done  his  work ;  his  independence,  without 
which  he  is  not  fit  to  be  called  a  man,  requires  first  of  all  that  he  should 
ha\e  insured  for  himself,  and  those  dependent  on  him,  a  comfortable  sub- 
sistence before  he  can  have  a  right  to  taste  any  indulgence,  either  of  his 
senses  or  of  his  mind ;  and  the  more  he  learns — the  greater  progress  he 
makes  in  the  sciences — the  more  will  he  value  that  independence,  and  the 
more  will  he  prize  the  industry,  tlie  habits  of  regular  labour,  whereby 
he  is  enabled  to  secure  so  prime  a  blessing. 

In  one  view,  it  is  true,  the  progress  which  he  makes  in  science  may 
help  his  ordinary  exertions,  the  main  business  of  every  man's  life.     There 
is  hardly  any  trade  or  occupation  in  which  useful  lessons  may  not  be 
learnt  by  studying  one  science  or  another.     The  necessity  of  science 
to  the  more  liberal  professions  is  self-evident;  little  less  manifest  is  the 
use  to  their  members  of  extending  their  knowledge  beyond  the  branches 
of  study  with  which  their  several  pursuits  are  peculiarly  conversant.    But 
the  other  departments  of  industry  derive  hardly  less  benefit  from  the  same 
source.     To  how  many  kinds  of  workmen  must  a  knowledge  of  Mecha- 
nical Philosophy  be  useflil !    To  how  many  others  does  Chemistry  prove 
almost  necessary !     Every  one  must  with  a  glance  perceive  that  to  en- 
gineers, watch-makers,  instrument-makers,  bleachers,  and  dyers,  those 
sciences  are  most  useful,  if  not  necessary.     But  carpenters  and  masons 
are  surely  likely  to  do  their  work  better  for  knowing  how  to  measure* 
which  Practical   Mathematics  teaches  them,  and   how  to  estimate    the 
strengrth  of  timber,  of  walls,  and  of  arches,  which  they  learn  from  Prac- 
tical Mechanics ;  and  they  who  work  in  various  metals  are  certain  to  be 
the  more  skilful  in  their  trades  for  knowing  the  nature  of  those  substances, 
snd  their  relations  to  both  heat  and  other  metals,  and  to  the  airs  and 
liquids  they  come  in  contact  with.   Nay,  the  farm-servant,  or  day-labourer, 
whether  in  his  master's  employ,  or  tending  the  concerns  of  his  own  cot- 
tisge,  must  derive  great  practical  benefit, — must  be  both  a  better  servant, 
and  a  more  thrifty,  and  therefore  comfortable,  cottager,  for  knowing  some«- 
thing  of  the  nature  of  soils  and  manures,  which  Chemistry  teaches,  and 
something  of  the  habits  of  animals,  and  the  qualities  and  growth  of  plants, 
which  he  learns  firom  Natural  History  and  Chemistry  together.    In  truth, 
though  a  man  be  neither  mechanic  nor  peasant,  but  only  one  having  a  pot 
to  boil,  he  is  sure  to  learn  firom  science  lessons  which  will  enable  him  to 
cook  his  morsel  betteri  save  his  fuel,  and  both  vary  his  dish  and  Improve 
it.    The  art  of  good  and  cheap  cookery  is  intimately  eonoected  with  the 
principles  of  chemical  pbi]o6ophy>  and  has  received  much,  and  will  yet  re* 
cefve  more,  improvemeot  from  their  application.   Nor  is  it  enough  to  say 
thai  philosophers  may  dieopver  all  that  is  wanted,  and  may  invent  practi* 
cal  methods,  which  it  is  sufficient  lor  the  working  man  to  learn  by  rote,  with* 
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ovl  knowing  the  principles.  He  never  will  work  so  well  if  he  is  ignorant 
of  the  principles ;  and  for  a  plain  reason : — if  he  only  learn  his  lesson  by 
'Ote.  the  least  change  of  circumstances  puts  him  out.  Be  the  method  ever 
su  general,  cases  will  always  arise  in  which  it  must  be  varied  in  order  to 
apply  ;  and  if  the  workman  only  knows  the  rule  without  knowing  the 
reason,  he  must  be  at  fault  the  moment  he  is  required  to  make  any  new 
application  of  it.  Tliis,  tlien,  is  the^rc^  use  of  learning  the  principles  of 
science :  it  make^  men  more  skilful,  expert,  and  useful  in  the  particular 
kioda  of  work  by  which  they  are  to  earn  their  bread,  and  by  which  they 
are  to  make  it  go  far  and  taste  well  when  earned. 

2.  But  another  use  of  such  knowledge  to  handicraftsmen  is  equally 
obvious :  it  gives  every  man  a  chance,  according  to  his  natural  talents,  of 
becoming  an  improver  of  the  art  he  works  at,  and  even  a  discoverer  in  the 
sciences  connected  with  it.  He  is  daily  handling  the  tools  and  materials 
with  which  new  experiments  are  to  be  made ;  and  daily  witnessing  the 
operations  of  nature,  whether  in  the  motions  and  pressures  of  bodies,  or 
in  their  chemical  actions  on  each  other.  All  opportunities  of  making  ex- 
periments must  be  unimproved,  all  appearances  must  pass  unobserved,  if 
he  has  no  knowledge  of  the  principles ;  but  with  this  knowledge  he  is 
more  likely  than  another  person  to  strike  out  something  new  which  may 
be  useful  in  art,  or  curious  or  interesting  in  science.  Very  few  great  dis- 
coveries have  been  made  by  chance  and  by  ignorant  persons,  much  fewer 
than  18  generally  supposed.  It  is  commonly  told  of  the  steam-engine, 
that  an  idle  boy  being  employed  to  stop  and  open  a  valve,  saw  that  he 
could  save  himself  the  trouble  of  attending  and  watching  it,  by  fixiug  a 
plug  upon  a  part  of  the  machine  which  came  to  the  place  at  the  proper 
times,  in  consequence  of  the  general  movement  This  is  possible,  no 
doubt ;  though  nothing  very  certain  is  known  respecting  the  origin  of  the 
story ;  but  improvements  of  any  value  are  very  seldom  indeed  so  easily 
found  out,  and  hardly  another  instance  can  be  named  of  important  disco- 
veries so  purely  accidental.  They  are  generally  made  by  persons  of  com- 
petent knowledge,  and  who  are  in  search  of  them.  The  improvements  of 
the  steam-engine  by  Watt  resulted  from  the  most  learned  investigation  of 
mathematical,  mechanical,  and  chemical  truths.  Arkwright  devoted  many 
years,  five  at  the  least,  to  his  invention  of  spinning  jennies,  and  he  was  a 
man  perfectly  conversant  in  every  thing  that  relates  to  the  construction  of 
machinery :  he  had  minutely  examined  it,  and  knew  the  eflccts  of  each 
part,  though  he  had  not  received  any  thing  like  a  scientific  education.  If 
he  had,  we  should  in  all  probability  have  been  indebted  to  him  for  scien- 
tific discoveries,  as  well  as  practical  improvements.  The  most  beautiful 
and  useful  invention  of  late  times,  the  Safety-lamp,  was  the  reward  of  a 
series  of  philosophical  experiments  made  by  one  thoroughly  skilled  in 
every  branch  of  chemical  science.  The  new  process  of  Refining  Sugar, 
by  which  more  money  has  been  made  in  a  shorter  time,  and  with  less  risk 
and  trouble,  than  was  ever  perhaps  gained  from  an  invention,  wp.s  disco- 
vered by  fa  most  accomplished  chemist  *,  and  was  the  fruit  of  a  long  course 
of  experiments,  in  the  progress  of  which,  known  philosophical  principles 
were  constantly  applied,  and  one  or  two  new  principles  ascertained.  But 
.n  so  far  as  chance  has  anything  to  do  with  discovery,  surely  it  is  worth 
the  while  of  Chose  who  are  constantly  working  in  particular  employments 
to  obtain  the  knowledge  required,  because  their  chances  are  gpreater  than 
other  peoples  of  so  applying  that  knowledge  as  to  hit  upon  neW  and  useful 
ideas :  they  are  always  in  the  way  of  perceiving  what  is  wanting,  or  whht 
b  arofsa  in  the  old  methods ;  and  they  have  a  better  chance  of  making  the 

•  Bdi»*ardHo^-anl,bro^i)er  of  the  Dokeof  Norfolk. 
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improvements.  In  a  word,  to  use  a  common  expression,  they  are  in  the 
way  of  good  luck ;  and  if  they  possess  the  requisite  information,  they  can 
take  advantage  of  it  when  it  comes  to  them.  This,  then,  is  the  second 
great  use  of  learning  the  sciences :  it  enables  men  to  make  improvements 
in  the  arts,  and  discoveries  in  philosophy,  which  may  directly  benefit  them- 
selves and  mankind. 

3.  Now,  these  are  the  praptical  advantages  of  learning;  but  the  third 
benefit  is,  when  rightly  considered,  jast  as  practical  as  the  other  two — the 
pleasure  derived  from  mere  knowledge,  without  any  view  to  our  own 
bodily  enjoyments :  and  this  applies  to  all  classes,  the  idle  as  well  as  the 
industrious,  if,  indeed,  it  be  not  peculiarly  applicable  to  those  who  enjoy 
the  inestimable  blessing  of  having  time  at  their  command.  Every  man  is 
by  nature  endowed  with  the  power  of  graining  knowledge ;  and  the  taste 
for  it,  the  capacity  to  be  pleased  with  it,  forms  equally  a  part  of  the  na- 
tural constitution  of  his  mind.  It  is  his  own  fault,  or  the  fault  of  his  edu- 
cation, if  he  derives  no  gratification  from  it.  There  is  a  satisfaction  in 
knowing  what  others  know — in  not  being  more  ignorant  than  those  we 
live  with  :  there  is  a  satisfaction  in  knowing  what  others  do  not  know — 
in  being  more  informed  than  they  are.  But  this  is  quite  independent  of 
the  pure  pleasure  of  knowledge — of  gratifying  a  curiosity  implanted  in  us 
by  Providence,  to  lead  us  towards  the  better  understanding  of  the  universe 
in  which  our  lot  is  cast,  and  the  nature  wherewithal  we  are  clothed.  That 
every  man  is  capable  of  being  delighted  with  extending  his  information 
upon  matters  of  science  will  be  evident  from  a  few  plain  considerations. 

Reflect  how  many  parts  of  the  reading,  even  of  persons  ignorant  of  all 
sciences,  refer  to  matters  wholly  unconnected  with  any  interest  or  ad- 
vantage to  be  derived  from  the  knowledge  acquired.  Every  one  is  amused 
with  reading  a  story :  a  romance  may  divert  some,  and  a  fairy  tale  may 
entertain  others ;  but  no  benefit  beyond  the  amusement  is  derived  fitim 
this  source :  the  imagination  is  gratified ;  and  we  willingly  spend  a  good 
deal  of  time  and  a  little  money  in  this  gratification,  rather  than  in  resting 
afler  fatigue,  or  in  any  other  bodily  indulgence.  So  we  read  a  newspaper, 
without  any  view  to  the  advantage  we  are  to  gain  from  learning  the  news, 
))ut  because  it  interests  and  amuses  us  to  know  what  is  passing.  One 
object,  no  doubt,  is  to  become  acquainted  with  matters  relating  to  the 
welfare  of  the  country ;  but  we  also  read  the  occurrences  which  do  litth; 
or  not  at  all  regard  the  public  interests,  and  we  take  a  pleasure  in  readin^^ 
them.  Accidents,  adventures,  anecdotes,  crimes,  and  a  variety  of  other 
things  amuse  us,  independent  of  the  information  respecting  public  affairK, 
in  which  we  feel  interested  as  citizens  of  the  state,  or  as  members  of  a 
particular  body.  It  is  of  little  importance  to  inquire  how  and  why  thene 
things  excite  our  attention,  and  wherefore  the  reading  about  them  is  a 
pleasure  :  the  fact  is  certain ;  and  it  proves  clearly  that  there  is  a  positive 
enjoyment  in  knowing  what  we  did  not  know  before :  and  this  pleasure  is 
greatly  increased  when  the  information  is  such  as  excites  our  surprise, 
wonder,  or  admiration.  Most  persons  who  take  delight  in  reading  tales 
of  ghosts,  which  they  know  to  be  false,  and  feel  all  the  while  to  be  silly 
in  the  extreme,  are  merely  gratified,  or  rather  occupied,  with  the  strong 
emotions  of  horror  excited  by  the  momentary  belief,  for  it  can  only  last  tui 
instant.  Such  reading  is  a  degrading  waste  of  precious  time,  and  has 
even  a  bad  effect  upon  the  feelings  and  the  judgment.*  But  true  stories 
of  horrid  crimes,  as  murders,  and  pitiable  misfortunes,  as  shipwrecks,  art 

*  Chiidrent^  Bookt  have  at  all  times  been  made  upon  the  pernicious  plan  of  exciting  m'on* 
4«f  f  generally  horror,  at  whatever  ritk.  The  folly  and  misery  occasioned  by  ihii  error  it  woula 
be  difficult  to  estimate.    The  time  may  come  When  it  will  be  felt  and  ondentood.   At  presto^ 
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Wi  much  more  instructive.  It  may  be  better  to  read  these  than  to  sit 
yawning  and  idle — much  better  than  to  sit  drinking  or  gaming,  which, 
when  carried  to  the  least  excess,  are  crimes  in  themselves,  and  the  fruitfiil 
parents  of  many  more.  But  this  is  nearly  as  much  as  can  be  said  for 
such  vain  and  unprofitable  reading.  If  it  be  a  pleasure  to  gratify  curiosity, 
to  know  what  we  were  ignorant  of,  to  have  our  feelings  of  wonder  called 
^rth,  how  pure  a  delight  of  this  very  kind  does  Natural  Science  hold  out 
to  its  students  !  Recollect  some  of  the  extraordinary  discoveries  of  Me- 
chanical Philosophy.  How  wonderful  are  the  laws  that  regulate  the  mo- 
tions of  fluids !  Is  there  any  thing  in  all  the  idle  books  of  tales  and  hor- 
rors more  truly  astonishing  than  the  fact,  that  a  few  pounds  of  water  may, 
by  mere  pressure,  without  any  machinery — by  merely  being  placed  in  a 
particular  way,  produce  an  irresistible  force?  What  can  be  more  strange, 
than  that  an  ounce  weight  should  balance  hundreds  of  pounds,  by  the  in- 
tervention of  a  few  bars  of  thin  iron  ?  Observe  the  extraordinary  truths 
which  Optical  Science  discloses.  Can  any  thing  surprise  us  more,  than 
to  And  that  the  colour  of  white  is  a  mixture  of  all  others — that  red,  and 
blue,  and  g^reen,  and  all  the  rest,  merely  by  being  blended  in  certain  pro- 
portions, form  what  we  had  fancied  rather  to  be  no  colour  at  all,  than  all 
colours  together  ?  Chemistry  is  not  behind  in  its  wonders.  That  the 
diamond  should  be  made  of  the  same  material  with  coal ;  that  water  should 
be  chiefly  composed  of  an  inflammable  substance  :  that  acids  should  be, 
Ibr  the  most  part,  formed  of  difierent  kinds  of  air,  and  that  one  of  those 
acids  whose  strength  can  dissolve  almost  any  of  the  metals,  should  consist 
of  the  self-same  ingredients  with  the  common  air  we  breathe  ;  that  salts 
should  be  of  a  metallic  nature,  and  composed,  in  g^at  part,  of  metals, 
fluid  like  quicksilver,  but  lighter  than  water,  and  which,  without  any 
heating,  take  fire  upon  being  exposed  to  the  air,  and  by  burning  form  the 
substance  so  abounding  in  saltpetre  and  in  the  ashes  of  burnt  wood  *  — 
these,  surely,  are  things  to  excite  the  wonder  of  any  reflecting  mind — 
nay,  of  any  one  but  little  accustomed  to  reflect.  And  yet  these  are  trifling 
when  compared  to  the  prodigies  which  Astronomy  opens  to  our  view  :  the 
enormous  masses  of  the  heavenly  bodies  ;  their  immense  distances ;  their 
countless  numbers,  and  their  motions,  whose  swiftness  mocks  the  utter- 
most efforts  of  the  imagination. 

Akin  to  this  pleasure  of  contemplating  new  and  extraordinary  truths,  is 
the  gratification  of  a  more  learned  curiosity,  by  tracing  resemblances  and 
relations  between  things  which,  to  common  apprehension,  seem  widely 
different.  Mathematical  science,  to  thinking  minds,  affords  this  pleasure 
in  a  high  degree.  It  is  agreeable  to  know  that  the  three  angles  of  every 
triangle,  whatever  be  its  size,  howsoever  its  sides  may  be  inclined  to  each 
otiier,  are  always,  of  necessity,  when  taken  together,  the  same  in  amount: 
that  any  regular  kind  of  figure  whatever,  upon  the  one  side  of  a  right- 
angled  triangle,  is  equal  to  the  two  figures  of  the  same  kind  upon  the  two 
other  sides,  whatever  be  the  size  of  the  triangle :  that  the  properties  of 
an  oval  curve  are  extremely  similar  to  those  of  a  curve,  which  appears  the 
•east  like  it  of  any,  consisting  of  two  branches  of  infinite  extent,  with 
their  backs  turned  to  each  other.  To  trace  such  unexpected  resem- 
blances is,  indeed,  the  object  of  all  philosophy  ;  and  experimental  science, 
in  particular,  is  occupied  with  such  investigations,  giving  us  g^eneral 
▼lews,  and  enabling  us  to  explain  the  appearances  of  nature,  that  is,  to 
show  how  one  appearance  is  connected  with  another.  But  we  are  now 
considering  only  the  gpratification  derived  from  learning  these  things. 

tb«  ioTeterate  habits  ofpartDttand  nurefs  prereDt  chilcbrn  from  benefitting  by  the  exceOtat 
ItMODs  of  Mrs.  Barbaula  and  Mist  Edgeworth. 
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It  is  surely  a  satisfaction,  for  instance,  to  know  that  the  same  thing,  ot 
motion,  or  whatever  it  is,  which  causes  the  sensation  ofheat,  causes  also 
fluidily,  and  expands  bodies  in  all  directions ;  that  electricity,  the  light 
which  is  seen  on  the  back  of  a  cat  when  slightly  rubbed  on  a  frosty  even- 
Big,  is  the  very  same  matter  with  the  lightning  of  the  clouds; — that 
planto  brealhe  like  ourselves,  but  differently  by  day  and  by  night ; — tha* 
tJie  air  which  burns  in  our  lamps  enables  a  balloon  to  mount,  and  causes 
the  globules  of  the  dust  of  plants  to  rise,  float  through  the  air,  and  con- 
tinue  their  race;*— in  a  word,  is  the  immediate   cause   of  vegetation, 
Kothing  can  at  first  view  appear  less  like,  or  less  likely  to  be  caused  by 
the  same  thing,  than  the  processes  of  burning  and  of  breathing, — ^the  rust 
of  melals  and  burning, — an  acid  and  rust, — the  influence  of  a  plant  on 
the  air  it  grows  in  by  night,  and  of  an  animal  on  the  same  air  at  any 
time,  nay,  and  of  a  body  burning  in  that  air ;  and  yet  all  these  are  the 
same  operation.     It  is  an  undeniable  fact,  that  the  very  same  thing  which 
makes  fhe  fire  burn,  makes  metals  rust,  forms  acids,  and  enables  plants 
and  animals  to  breathe ;  that  these  operations,  so  unlike  to  common  eyes, 
wlicn  examined  by  the  light  of  science,  are  the  same, — the  rusting  of 
metals.-^the  formation  of  acids, — the  burning  of  inflammable  bodies,-— 
the  breathing  of  animals,' — and  the  growth  of  plants  by  night.     To  know 
this  is  a  positive  gratification.     Is  it  not  pleasing  to  find  the  same  8ub-> 
stance  in  various  situations  extremely  unlike  each  other;— to  meet  with 
fixed  air  as  the  produce  of  burning,  of  breathing,  and  of  vegetation ;— -to 
find  that  it  is  the  choke-damp  of  mines,  the  bad  air  in  the  grotto  at 
Naples,  the  cause  of  death  in  neglecting  brewers'  vats,  and  of  the  brisk 
and  acid  flavour  of  Seltzer  and  other  mineral  springs?    Nothing  can  be 
less  like  than  the  working  of  a  vast  steam-engine,  of  the  old  constructiou, 
and  the  crawling  of  a  fly  upon  tlie  window.     Yet  we  find  that  these  two 
operations  are  performed  by  the  same  means,  (he  weight  of  the  atmos- 
phere, and  that  a  sea-horse  climbs  the  ice-hills  by  no  other  power.     Can 
anything  be  more  strange  to  contemplate  ?     Is  there  in  all  the  fairy-tales 
that  ever  were  fancied  anything  more  calculated  to  arrest  the  attention 
and  to  occupy  and  to  g^tify  the  mind,  than  this  most  unexpected  resem- 
blance between  things  so  unlike,   to  the   eyes   of  ordinary    beholders? 
What  more  pleasing  occupation  than  to  see  uncovered  and  bared  before 
our  eyes  the  very  instrument  and  the  process  by  which  Nature  works  ? 
Then  v/e  raise  our  views  to  the  structure  of  the  heavens ;  and  are  again 
gratified  with  tracing  accurate  but  most  unexpected  resemblances.     Is  H 
not  in  the  highest  degree  interesting  to  find,  that  the  power  which  keeps 
this  earth  in  its  shape,  and  in  its  path,  wheeling  upon  its  axis  and  round 
the  sun,  extends  over  all  the  other  worlds  that  compose  the  universe,  and 
gives  to  each  its  proper  place  and  motion;  that  this  same  power  keeps 
the  moon  in  her  path  round  our  earth,  and  our  earth  in  its  path  round 
tlie  sun,  and  each  planet  in  its  path ;  that  the  same  power  causes  tlie 
tifles  upon  our  globe,  and  the  peculiar  form  of  the  globe  itself;  and  that, 
af\oi  all,  it  is  the  same  power  which  makes  a  stone  fall  to  the  g^und  ? 
To  learn  these  things,  and  to  reflect  upon  them,  occupies  the  faculties, 
fills  the  mind,  and  produces  certain  as  well  as  pure  gratification. 

But  if  the  knowledge  of  the  doctrines  unfolded  by  science  is  pleasing, 
so  is  the  being  able  to  trace  the  steps  by  which  those  doctrines  are  in- 
vestigated, and  their  truth  demonstrated :  indeed  you  cannot  be  said,  in 
any  sense  of  the  word,  to  have  leanit  them,  or  to  know  them,  if  you  have 
not  so  studied  them  as  to  perceive  how  they  are  proved.  Without  thii 
you  never  can  expect  to  remember  them  long,  or  to  understand  tliem  ao* 
curalely ;  and  that  would  of  itself  be  reason  enough  for  examining  closely 
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tlie  gprounds  they  rest  on.  But  there  is  the  highest  gratification  of  M,  in 
beinf?  able  to  see  distinctly  those  g^unds,  so  as  to  be  satisfied  that  a 
belief  in  the  doctrines  is  well  founded.  Hence  to  follow  a  demonstration 
of  a  grand  mathemtitical  truth — to  perceive  how  clearly  and  how  in- 
evitably one  step  succeeds  another,  and  how  the  whole  steps  lead  to  the 
conclusion — to  observe  how  certainly  and  unerringly  the  reasoning  goes 
on  from  things  perfectly  self-evident,  and  by  the  smallest  addition  at  each 
step,  every  one  being  as  easily  taken  aAer  the  one  before  as  the  first 
■tep  of  all  was,  and  yet  the  result  being  something  not  only  far  from  self- 
evident,  but  so  general  and  strange,  that  you  can  hardly  believe  it  to  be 
true,  and  are  only  convinced  of  it  by  going  over  the  whole  reasoning — 
this  operation  of  the  understanding,  to  those  who  so  exercise  themselves, 
always  a^rds  the  highest  delight.  The  contemplation  of  experimental 
inquiries,  and  the  examination  of  reasoning  founded  upon  the  facts  which 
our  experiments  and  observations  disclose,  is  another  fruitful  source  of 
enjoyment,  and  no  other  means  can  be  devised  for  either  imprinting  the 
results  upon  our  memory,  or  enabling  us  really  to  enjoy  the  whole  plea- 
sures of  science.  They  who  found  the  study  of  some  branches  dry  and 
tedious  at  the  first,  have  generally  become  more'  and  more  interested  as 
they  went  on ;  each  difiiculty  overcome  gives  an  additional  relish  to  the 

Jmrsuit,  and  makes  us  feel,  as  it  were,  that  we  have  by  our  work  anJ 
abour  established  a  right  of  property  in  the  subject.  Let  any  man  pass 
an  evening  in  vacant  idleness,  or  even  in  reading  some  silly  tale,  and 
compare  the  state  of  his  mind  when  he  goes  to  sleep  or  gets  up  next 
morning  with  its  state  some  other  day  when  he  has  passed  a  few  hours  in 
going  througii  the  proofs,  by  facts  and  reasoning,  of  some  of  the  great 
doctrines  in  Natural  Science,  learning  truths  wholly  new  to  him,  and  satis- 
fying himself  by  careful  examination  of  the  grounds  on  which  known  truths 
rest,  so  as  to  be  not  only  acquainted  with  the  doctrines  themselves,  but 
able  to  show  why  he  believes  them,  and  to  prove  before  others  that  they 
are  true ; — he  will  find  as  great  a  difference  as  can  exist  in  the  same 
being, — the  difierence  between  looking  back  upon  time  unprofitably 
wasted,  and  time  spent  in  self-improvement :  he  will  feel  himself  in  the 
one  case  listless  and  dissatisfied,  in  the  other  comfortable  and  happy :  in 
the  one  case,  if  he  do  not  appear  to  himself  humbled,  at  least  he  will  not 
have  earned  any  claim  to  his  own  respect ;  in  the  other  case,  he  will  enjoy 
a  proud  consciousness  of  having,  by  his  own  exertions,  become  a  wiser 
and  therefore  a  more  exalted  creature. 

To  pass  our  time  in  the  study  of  the  sciences,  in  learning  what  others 
have  discovert^,  and  in  extending  the  bounds  of  human  knowledge,  has, 
in  all  ages,  been  reckoned  the  most  dignified  and  happy  of  human  occupa- 
tions ;  and  the  name  of  Philosopher,  or  Lover  of  Wisdom,  is  given  to 
those  who  lead  such  a  life.  But  it  is  by  no  means  necessary  that  a  man 
should  do  nothing  else  than  study  known  truths,  and  explore  new,  in  order 
to  earn  this  high  title.  Some  of  the  greatest  Philosophers,  in  all  ages, 
have  been  eng^aged  in  the  pursuits  of  active  life ;  and  an  assiduous  devo- 
tion of  the  bulk  of  our  time  to  the  work  which  our  condition  requires,  is 
an  important  duty,  and  indicates  the  possession  of  practical  wisdom, 
Tliis,  however,  does  by  no  means  hinder  us  from  applying  the  rest  of  our 
time»  beside  what  nature  requires  for  meals  and  rest,  to  the  study  of 
science ;  and  he  who,  in  whatever  station  his  lot  may  be  cast,  works  his 
day's  work,  and  improves  his  mind  in  the  evening,  as  well  as  he  who, 
placed  above  such  necessity,  prefers  the  refined  and  elevating  pleasures  of 
knowledge  to  the  low  gratification  of  the  senses,  richly  deserves  the  name 
ofa  TVue  Philosopher 
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One  of  the  most  delightfiil  treats  which  science  atfords  us  is  the  kiiow-» 
ledge  of  the  extraordinary  powers  with  which  the  human  mind  is  endowed 
No  man,  until  he  has  studied  philosophy,  can  have  a  just  idea  of  the 
feat  things  for  which  Providence  has  fitted  his  understanding — the  ex- 
traordinary disproportion  which  there  is  between  his  natural  strength,  and 
the  powers  of  his  mind  and  tlie  force  he  derives  from  them.  When  we 
survey  the  marvellous  truths  of  Astronomy,  we  are  first  of  all  lost  in  the 
feeling  of  immense  space,  and  of  the  comparative  insignificance  of  this 
globe  and  its  inhabitants.  But  there  soon  arises  a  sense  of  gratification 
aifd  of  new  wonder  at  perceiving  how  so  insignificant  a  creature  has  been 
able  to  reach  such  a  knowledge  of  the  unbounded  system  of  the  universe — 
to  penetrate,  as  it  were,  through  all  space,  and  become  familiar  with  the 
laws  of  nature  at  distances  so  enormous  as  baffle  our  imagination — to  be 
able  to  say,  not  merely  that  the  Sun  has  329,630  times  tlie  quantity  ot 
matter  which  our  globe  has,  Jupiter  308-^(7,  and  Saturn  93^  times ;  but 
that  a  pound  of  lead  weighs  at  the  Sun  22  lbs.  15  ozs.  16  dwts.  8  grs. 
and  ^  of  a  grain  !  at  Jupiter  2  lbs.  I  oz.  19  dwts.  1  gr.  |^  ;  and  at  Saturn 
1  lb.  3  ozs.  8  dwts.  20  grs.  -^  part  of  a  grain !  And  what  is  far  more 
wonderful,  to  discover  the  laws  by  which  the  whole  of  this  vast  system  is 
held  together  and  maintained  through  countless  ages  in  perfect  security 
and  order.  It  is  surely  no  mean  reward  of  our  labour  to  become 
acquainted  with  the  prodigious  genius  of  those  who  have  almost  exalted 
the  nature  of  man  above  its  destined  sphere,  when,  admitted  to  a  fellow- 
ship with  these  loflier  minds,  we  discover  how  it  comes  to  pass  that,  by 
universal  consent,  they  hold  a  station  apart,  rising  over  all  the  Orear 
Teachers  of  mankind,  and  spoken  of  reverently,  as  if  Newton  and  La- 
place were  not  the  names  of  mortal  men. 

The  highest  of  all  our  gratifications  in  the  contemplations  of  science 
remains :  we  are  raised  by  them  to  an  understanding  of  the  infinite  wisdom 
and  goodness  which  the  Creator  has  displayed  in  his  works.  Not  a  &tep 
can  we  take  in  any  direction  without  perceiving  the  most  extraordinary 
traces  of  design  ;  and  the  skill  everywhere  conspicuous  is  calculated,  in  so 
vast  a  proportion  of  instances,  to  promote  the  happiness  of  living  crea- 
tures, and  especially  of  our  own  kind,  that  we  can  feel  no  hesitation  in 
concluding  that,  if  we  knew  the  whole  scheme  of  Providence,  every  part 
would  be  found  in  harmony  with  a  plan  of  absolute  benevolence.  Inde- 
pendently, however,  of  this  most  consoling  inference,  the  delight  is  inex- 
pressible of  being  able  to  follow,  as  it  were,  with  our  eyes,  the  marvellous 
works  of  the  Great  Architect  of  Nature — to  trace  the  unbounded  power 
and  exquisite  skill  which  are  exhibited  in  the  most  minute,  as  well  as  the 
mightiest  parts  of  his  system.  The  pleasure  derived  from  this  study  is 
unceasing,  and  so  various,  that  it  never  tires  the  appetite.  But  it  is 
unlike  the  low  gratifications  of  sense  in  another  respect :  while  those  hurt 
the  health,  debase  the  understanding,  and  corrupt  the  feelings,  this  ele- 
vates and  refines  our  nature,  teaching  us  to  look  upon  all  earthly  objects 
as  insigpiificant  and  below  our  notice,  except  the  pursuit  of  knowledge 
and  the  cultivation  of  viitue ;  and  giving  a  dignity  and  importance  to  the 
enjoyment  of  life,  which  the  frivolous  and  the  gprovelling  canno^  even 
comprehend. 

Let  us,  then,  conclude,  that  the  Pleasures  of  Science  go  hand  in  hand 
with  the  solid  benefits  derived  from  it;  that  they  tend,  unlike  other  gra- 
tifications, not  only  to  make  our  lives  more  agreeable,  but  better ;  and 
that  a  rational  being  is  bound  by  every  motive  of  interest  and  of  duty, 
to  direct  his  mind  towards  pursuits  which  are  found  to  be  the  sure  path 
of  Virtue  as  well  as  of  happiness. 
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TREATISE   I. 
ON  THE  MECHANICAL  AGENTS  OR  FIRST  MOVERS. 

'hapter  l.—Introduction.  division  of  the  science  into  two  parts.   In 

HATEVER  communicatei  or  tends  ^^^  ^^s^»  which  is  called  statics*  bodies 

municate  motion  to  a  body,  is  ^^^  considered  as  submitted  to  the  in- 

force.    The  object  of  Mecha-  Auence  of  forces  which  are  in  equilj- 

i  the  most  extended  sense  of  that  ^"^"1- 

1  the  investigation  of  the  effects  (^-^  I"  ^^  second  part,  which  is  called 
s  on  bodies.  dynamics, f  bodies  are  considered  as 
K)dy  which  is  absolutely  at  rest  submitted  to  the  action  of  forces  which 
nitted  to  the  action  of  two  or  ^^^  "^*  ^^  equilibrium.  In  the  former, 
irces,  one  of  two  eifects  must  therefore,  bodies  are  considered  at  rest, 
either  the  body  must  continue  in  ^"^  i"  ^^^^  latter  as  in  motion, 
of  rest,  or  it  must  commence  to  ("*•)  Although  this  be  unquestionably 
1  some  determinate  direction,  *^®  ™ost  philosopliical  division  of  the 
h  some  determinate  force.  If  subject,  and  that  which  should  be  adopt- 
er continue  at  rest,  it  necessarily  ^^  ^".  ^  treatise  designed  for  the  use  of 
that  the  forces  which  act  upon  ^^I'tain  classes  of  students;  yet,  consi- 

0  related  as  to  their  directions  deringthe  objects  which  we  have  in  view 
nsities,  that  they  neutralise  each  ^^  ^^^  present  series  of  works,  and  the 
r  mutually  destroy  each  other's  persons  for  whose  instruction  they  are 

Under  such  circumstances,  the  ^tended,  we  think  it  expedient  to  pur- 
said  to  be  in  a  state  of  equili-  ^^^  ^  different  course,  and  do  not  hesi- 
and  we  also  commonly  apply  ^^^^  to  sacrifice  system  to  utility. 
B  term  equilibrium  to  the  forces         ^^  ^^^  ^^^  various  changes  which  the 
ct  upon  the  body.  raw  productions  of  nature  must  undergo 

therefore,   a    very   important  ^^  ®^^^^  *o  adapt  them  to   supply  the 

,  or  rather  class  of  problems,  to  wants  of  civilized  life,  motion  is  the  prin- 

1  every  particular  case  that  rela-  ^^P^  agent.  The  wool  which  is  shorn 
veen  the  intensities  and  direc-  ^T^^  ^^^  sheep,  requires  a  rotatorymo- 
the  forces  acting  upon  a  body  *^^"  ^^  ^orm  it  into  threads.  These 
iven  circumstances,  which  will  threads  must  be  submitted  to  a  variety 

body  in  a  state  of  equilibrium.  ®^  ^^^^^  motions,  in  order  to  produce 

solution  of  such  a  problem,  we  that  arrangement  which  gives  them  the 

-ays  be  able  to  predict  whether  ^^^"^  ^^  cloth ;  and  cloth  when  woven 

j-ged  by  given  forces  shall  re-  ™^st  pass  through  many  other  pro- 

f  motion  or  not.  cesses,  in  all  of  which  motion  is  the 

forces  which  act  upon  the  body  ^^^^  agent,  before  it  is  prepared  for  use. 

)  related  as  to  neutralise  each  "^^  obtain  these  motions,  we  avail  our- 

ffects,  motion  must  ensue,  and  selves  of  the  forces  which  we  find  actu- 

will  be  urged  with  some  deter-  ally   existing  in  nature,   such  as  the 

)rce  in  some  determinate  direc-  falling  of  water,  the  force  of  wind,  the 

>  assign  the  force  with  which  strength  of  animals,    and    numerous 

will  thus  be  moved,  and  the  others.    As,  however,  the  forces  and 

of  its  motion,  the  intensities  motions   which    are  required  for  the 

itions  of  the  forces  impressed  various  manufactures,  are  generally  dif- 

)dy  being  given,  is  another  im-  ferent  in  many  respects  fi-om  those  forces 

lass  of  problems,  and  of  a  na-  with  which  nature  has  supplied  us,  it  is 

z^ether  distinct  from  the  former.  ■" • 

hese  considerations  suggest  the  •From  a  Greek.word  rT«T#f,  itatoi,  signifying 

-^ — ■ — — stoHding  ttill. 

riamU  originaUy  a  Latin  word  siCTifyinif  f  From  tho  Greek  V0Tii^WKUW«,  dwaomU.  %\«k\\i- 

foroM,  at  It  w9Te,  hglaaciag  each  other,  ingfvrc^. 
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necessary  that  means  should  be  con 
trived  of  modifying  them  so  as  to  suit 
them  to  our  wants.  It  may  so  happen 
that  we  have  at  our  command  a  natural 
force  of  variable  intensity,  when  it  is 
necessary  to  apply  to  the  work  whicli 
we  design  to  execnte  one  of  a  perfectly 
uniform  intensity.  We  are,  therefore, 
compelled  to  contrive  some  means  by 
which,  in  transmitting  the  force  from  the 
natural  mechanical  agent,  whatever  it 
be,  to  the  working  pohit,  it  may  be  so 
modified  as  to  be  rendered  uiuforni  in 
its  action.  Again,  the  natiu*al  force  may 
act  constantly  in  one  direction,  as  for 
example,  a  running  stream,  or  a  perpen- 
dicular fall  of  water,  or  a  ciuTcnt  of  air, 
when  it  may  be  required  that  the  force 
on  the  working  point  should  ])e  alternate 
or  reciprocating,  as  for  example,  that 
which  IS  necessary  to  work  the  piston 
of  a  common  pump.  In  such  cases, 
therefore,  some  apparatus  must  be  inter- 
posed between  me  natuial  aijent  and 
the  working  point,  which  is  capable  of 
converting  the  one  species  of  motion 
into  the  other.  Such  a  contrivance  is 
called  a  machiriey  and  the  natural  force 
which  it  is  designed  to  modify  is  called 
li^A  first  mover;  that  pai-t  of  the  machine 
at  which  tlie  required  modification  is 
produced,  being  generally  called  the 
working  point. 

In  that  part  of  Mechanics  which  is 
confined  to  the  consideration  of  the  na- 
ture and  principles  of  machinery,  there 
are  two  objects  intimately  related  each 
to  the  other,  and  each  of  which  strongly 
demands  our  attention ;  first,  the  natural 
mechanical  agents  or  first  movers;  se- 
condly, machmes,  or  the  means  whereby 
these  powers  are  modified  and  rendered 
applicable  to  our  purposes.  We  propose 
in  this  first  treatise  to  connne  the 
attention  of  the  reader  to  the  explana- 
tion of  the  nature  and  laws  of  those 
powers  in  nature  which  furnish  first 
movers,  and  to  the  properties  of  motion 
and  force  in  general.  In  conformity 
with  this  method,  we  shall  devote  the 
second  treatise  to  the  elements  of  ma- 
chinery. 

Chapter  II. — On  the  composition  and 
resolution  of  Motion  ofid  Force, 

(5.)  If  two  equal  forces  act  upon  the 
same  point  of  a  body,  in  directions  im- 
mediately opposite,  they  will  keep  that 
body  at  rest.  Such  forces,  then,  are  the 
^fo%i  simple  example  of  equihbrium,  and 
•'  ''th  of  this  principle  is  self-evident. 


Tlius,  if  to  a  point  P  two  thre 
tached,  and  that  two  wheels  ( 
in<r  on  fixed  centres, and  havir 
on  their  edges,  be  so  placed  i 
the  stnny:s  are   passed   over 
paiis  PC  and  PD  shall  l>e  in 
straight   line,  equal  weis:^hts 
suspended  from  the  strinu:s 
the   point    P   ecjually  in   the 
directions  P  C  and  PD,  and 
thus  evidently  neutralise  each  ( 

• 

the  body  P  will  be  m  equilibrii 


(6.)  But  now  let  us  suppose 
weight  B  is  in"eater  than  the  v 
In  tluit  case  the  point  P  will  \ 
in  the  direction  P  D  witli  a  to'e: 
than  that  which  draws  it  in  the 
direction  P  C»  and  it  will  evide 
a  tendency  to  move  in  the  direc 
But  what  tendency  ?  To  what 
or,  in  other  words,  with  what  f 
pulled  in  the  direction  PD? 
easily  determined.  Suppose 
weight  B  is  divided  into  two  j: 
of  which  is  equal  to  A;  the  o 
will  be  CMdently  equal  to  the  t 
of  the  weights  A  and  B,  or  to  tl 
of  the  weight  B  above  the  \v 
Call  this  excess  P2,  and  let  the  a 
assume  the  iormjig,  2.  Now,  ii 


As-.  2. 


by  (5.),  that  the  weight  A  actii 
dn-ection  P  (.!,  exactly  balai 
weight  A  actinu:  in  the  direct 
so  that  the  combined  effect 
weights  is  nothing.  The  con 
is,  that  the  point  P  is  puUec 
duection  P  D  only  by  the  foi 
the  excess  of  the  greater  v 
above  the  lesser  weight  A. 
Hence  we  may»  in  genend«  ii 
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m  body  is  drawn  in  directions 
li&tely  opposite  by  two  unequal 
,  it  is  affected  exactly  in  the  same 
jf  as  if  it  were  drawn  by  a  single 
iqual  to  the  difference  between  me 
•rces,  and  acting  in  the  direction 
greater  force. 

This  single  force,  whose  ac- 
is  ecjuivalent   to    the    combined 

of  two  or  more  forces,  is  called 
resultant;    and  the  process   by 

a  single  force  equivalent  in  its 
to  two  or  more  other  forces  is 
,  is  called  the  compcfition  of  force. 

On  the  other  hand,  two  or  more 

may  be  found  whose  combined 
\  are  equivalent  to  that  of  a  single 
force  ;  the  process  ])y  which  these 
termined  is  called  t/ie  resolution 
ce;  and  the  two  or  more  forces 

are  equi>alent  tx)  the  single  force, 
lied  its  compommts. 

HaNinj;  considered  the  simpler 
L'c  in  wliich  the  directions  of  the 

are  in  tlic  same  stniiji^lit  line,  let 
V  evamine  the  more  complex  case 
ich  two  forces  act  on  the  same 


/?-.  3. 


in  different  directions.  Let  P  {Jig. 
a  fixed  point  to  which  three  strinirs 
tachi'd;  and   let  the  strinirs  Pa 

b  be  pnsscd  over  fixed  trrooved 
%  as  l)efore,  and  let  any  weights  A 

be  suspended  from  them.  Tlie 
P  is  now  drawn  by  two  forces  A 
:,  in  the  directions  Pa  and  PA. 
uestion  is,  what  sinijle  force  would 
ce  the  same  effect  upon  it  ?  Take 
is  Pm  and  Pn  on  the  strings,  so 
hey  shall  be  in  the  same  propor- 
s  the  weights  A  and  B,  that  is,  so 
*  jn  :  P  n :  :  A  :  B  ;  and  upon  the 

to  which  the  wheels  a,  6  are  sup- 


posed to  be  attached,  draw  the  parallelo- 

fim  P  m  0  n.  Draw  the  dia^nal  P  o. 
single  force  acting  in  the  direction  of 
the  diagonal  P  o,  and  having  the  same 
ratio  to  the  weight  A  or  B  as  the  dia- 
gonal P  o  has  to  the  side  P  m  or  P  n  of 
the  paraUelogram,  willproduce  the  same 
pressure  on  me  point  P  as  the  combined 
actions  of  A  and  B  produced.  To  prove 
this,  let  a  third  wheel  c  be  so  placed 
that  the  thread  P  c  shall,  when  stretched 
over  it,  be  in  a  direction  immediately 
opposite  to  P  0,  and  suspend  from  it  a 
weight  C  which  shall  have  the  same 
proportion  to  A  or  B  as  the  diagonal  P  o 
has  to  P  m  or  P  n.  If  the  point  P, 
liitherto  supposed  to  be  fixed,  be  dis- 
engaijed  and  left  free  to  move,  it  will  be 
found  to  maintain  its  position  and  re- 
main at  rest.  Hence  it  follows,  that  the 
wei^rht  C  neutralises  the  effects  of  A 
and  B,  and  keeps  them  in  equilibrium. 
But  it  would  also  keep  in  equilibrium  a 
force  equal  to  C  in  the  direction  P  o  (5.); 
from  whence  it  follows,  that  a  force 
equal  to  C  in  the  direction  P  o  is  equiva- 
lent to  tlie  united  actions  of  the  forces 
A  and  B,  in  the  directions  P  m  and  P  n. 
Hence  we  derive  the  following  import- 
ant theorem  :♦ — 

If  two  forces  actiti^  on  the  same  point 
in  the  directions  of  the  sides  of  aparal- 
ielotrram  be  proportional  in  their  inten- 
sities to  thenf  sides,  their  united  effects 
trill  be  equivalent  to  that  of  a  single 
force  acting  on  the  same  point  in  the 
direction  of  the  diagonal  of  that  paral- 
lelogram, and  tchose  intensity  is  pro- 
portioned to  the  diagonal. 

Tliis  single  force  in  the  direction  of 
the  diagonal  is  therefore  their  resultant. 

(10.)  It  will  very  easily  appear  that 
two  forces  have  but  one  resultant ;  for, 
if  the  force  C  be  in  the  least  degree 
altered,  either  in  its  magnitude  or  in  its 
direction,  the  point  P,  when  disengaged, 
will  no  longer  maintain  its  position,  but 
will  move  until  it  settles  into  such  a 
position  that  the  magnitudes  of  the  dia- 
gonal and  sides  of  the  corresponding 
parallelogram  shall  be  proportional  to 
those  of  the  forces  ABC. 

(11.)  We  can  now  extend  our  inves- 
tigation to  the  combined  action  of  tliree 
or  more  forces  on  the  same  point.  Let 
P,  {fg.  4.)  as  before,  be  a  fixed  point  to 
which  several  strings  are  attached,  and 

*  This  theorem  admits  of  rigorous  demonstrfttion 
indcpendenlvy  of  the  experinient&l  proof  which  w« 
)iaT«  riven.  The  demonstration  is,  hoMrerer,  of  too 
eomplex  a  character,  and  requiring  the  aid  of  m** 
fhomatical  reaaoninf  of  a  kind  which  WO  etuot 
properly  iBtroduco  here. 

^1 


parall 

parallel  take  a  part  wo,  such  that  m  //  : 
«  o  : :  H  •  C.     In  like  manner  draw  op 
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passing  these  string  over  wheels  abed.  If  set^eraf  forces  act  on  the  samepoini 
let  weiglits  A  B  C  D  be  suspended  from  paralM  ami  proportional  to  all  the  tndet 
^jjjn  of  a  polygon  taken  in  order  c.vcejjt  one. 

Take  ajiy  part  P  m  on  the  string  P  a,  a  sinfrhjorce  pn^wrtional  to,  and  in  the 
and  from  m  on  the  board  to  which  the  direction  of  that  one  side  will  be  their 
apparatus  is  attached,  draw  a  line  pa-    resultant.  ^.    .     , 

nkel  to  the  string  P  6,  and  take  a  part  It  may  l)e  proved  that  this  is  the  only 
m  n  upon  that  parallel,  such  tliat  P  m  :  resultant,  in  the  same  manner  as  in  the 
m  n  ••  \:  B.  Again,  through  n  draw  former  case  ;  for  if  either  the  direction 
aparaliel  to  the  string  P  c,  and  on  that    of  tlie  string:  P^*,  or  the  magnitude  of 

the  weiglit  K,  or  both,  be  in  any  way 
clianirod.  the  point  P,  when  disengaged, 
will  no  longer  niaintnin  its  ])osition,  but 
will  mo^e  until  it  settles  into  tliat  posi- 
tion in  which  the  sides  of  the  corre- 
sponding \)olyi]:on  sire  propoiiional  to 
the  weiglits  suspended  from  the  strings 
to  which  they  :ire  ])iLrallel. 

( 1 1*. )  II it hVrt o  ^^  o  have  suppost^l  that 
the  forces  ajjplied  ti)  the  point  ai*e  in  the 
same  plane.  This,  however,  is  not  at 
all  necessary,  ami  the  same  principles 
exactly  will  a])i)ly  when  the  forces  act 
in  different  planes. 

(l.*}.)  It  must  be  evident  from  the 
reasoning  in  the  ])rece(lin<(  articles,  that 
if  any  number  of  forces  acting  on  a 
point,  bo  proportional  to  the  sicles  of  a 
parallel  to  Prf,  and  such  that  noiop::  ])olyirou  which  are  severally  parallel  to 
C  :  I).  Finally,  join  the  points  p  and  P  the'direction  of  the  forces,  and  that  the 
by  aright  line.  A  single  force,  acting  forces  are  in  Ihc  direct  ions  of  the  sides, 
in  the  direction  of  the  line  P;>,  and  taken  successively  in  the  same  order, 
having  the  same  ratio  to  each  of  the  the  point  will  be  kept  at  rest,  and  the 
other  forces  as  the  line  P/>  has  to  the  forces  will  be  in  eipiilibrium,  and  will 
side  of  the  polygon,  which  is  parallel  to  neutralise  each  other's  effects, 
that  other  lorce,  will  produce  a  pressure  Since  anyone  side  of  a  triangle  or 
on  the  fixed  point  P  equivalent  to  the     polygon  is  always   less  than   the  sum 


combincnl  actions  of  tlie  forces  A  B 
C  I).  This  may  be  established  by  the 
same  means  as  were  useil  in  the  fonner 
case.  Let  a  strintr,  attached  to  the  fixed 
])oint  P,  be  carried  over  a  wheel  p,  so 
that  the  string  Ve  shall  be  the  continu- 
ation of  the  line  p  P.  and  let  a  weight 
X  be  suspended  from  it  which  shall 
have  the  same  proportion  to  the  weights 
ABCD,  as  the  side  P/)  has  to  the 
sides  of  the  polygon  parallel  to  the 
striuics  respect ively.  If  the  point  P  be 
then  disengaged  from  the  board,  it  will 
be  found  to  maintain  its  position,  and 
remain  at  rest ;  so  that  the  force  E  in 
the  direction  Pp,  immediately  opposite 
to  Pt),  counteracts  the  combined  effects 
of  the  forces  ABCD;  and  it  would 
also  counterairt  the  eft'ect  of  a  force 
equal  to  K.  in  the  direction  of  the  line 
Pp  (5.)  Hence  such  a  force  is  equi- 
valent to  the  combined  effects  of  A  B 
C  D,  and  is  therefore  their  residtant. 
From  whence  we  infer  the  following 
general  theorem  :^ 


of  all  the  reniainnii;  sides,  it  follows  that 
a  mechjuiical  effect  will  always  bi.»  more 
economically  produced  by  a  sinqle  force 
actiui;  in  tin*  j)roper  direction,  than  by 
a  luunber  of  forces  acting  in  different 
directions. 

(11.)  All  that  we  have  established 
respecting  tjie  composition  of  foitres  or 
pressures,  also  ap])lies  to  the  composi- 
tion of  motitHis.  Two  impulses,  wtiich, 
separately  communicated,  will  cause  a 
body  to  move  o\er  the  siiles  of  a  paral- 
lelogram in  the  same  time,  would,  if 
communicated  at  the  same  instant, 
cause  the  body  to  move  over  the  dia- 
gonal of  the  parallelogram  in  tliat  lime. 
This  may  be  submitted  to  actual  Q\\te» 
riment. 

Let  a  level  table.  ABCD  (ftg.  5.),  in 
the  form  of  a  ]Kirallelogram,  be  provided, 
furnislied  with  a  led^e  to  prevent  a  l>all 
from  rollini:  otf ;  and  let  two  spring  guns. 
G  G',  be  placed  at  one  of  tlie  corners  A, 
so  that  when  G  stiikes  the  bail  X,  it  shall 
move  along  tlie  side  A  B  in  a  certain 


hat  when  G*  strikes  tiie  ball 
>ve  Rlonc  A  D  in  the  same 
V,  if  both  the  ^ins  strike  X 
;  instant,  it  will  be  found  to 
;  the  <iian;oi!a),  and  to  do  so 


H--'- 


he  same  time  as,  by  the  im- 
iL-h  t!"!!  wj'HrHlely  it  moved 
iU<.-K.  In  urd(.T  Ihat  tl:(!  ball 
irive  aloiii;  the  sides  A  B  and 
same  time,  it  is  necessary 
"cc  of  the  sprint's  slioulil  1« 
il  to  tlie  lengths  nf  the  sides, 
jlinu'  such  a  table  it  is  usual 
t  sijiiare,  and,  tlierefore,  to 
priiiiTs  of  equal  force, 
rnanner,  if  several  impulses, 
imiinicated  separately  to  a 
d  niitke  it  move  parallel  to 
sides  of  a  iiolygon  taktii  in 
ast  side  alone  excepted,  and 
ities  |>ro|ioriional  lo  those 
;onin:iuiiiented  to  it  at  the 
It.  it  will  move  in  the  direc- 
ast  side,  ivith  a  velocity  pro- 
1  that  xide. 
re   numerous   effcets,   fami- 

conipusition  and  resolution 
If,  in  wulkini;  alon^  one 
<tr«ct,  we  desire  to  reach  a 
it  at  tlie  npi>osilv  side ;  the 
lod  would  tie  to  ]iass  in  a 
e  to  the  point,  nioviiic;  cliaeo- 
<s    the   sirei't;   hut  wishing 

short  a  siiuce  as  possible  oft' 
nth,  ive  fiist  pass  across 
in  n  direetion  perpendicular 
t-palli,  and  then  pass  down 
u  siile  to  the  des-ired  point. 

of  the  diagonal  motion  fir.st 
into  its  two  components,  vix. 
fthc  |iaraUclo)!nim. 
'  a  boat   be  roived   directly 
■er,  when  there  is  no  current, 

over  in  a  straight  line,  per- 
to  the  banks.  But,  if  there 
.1,  the  boat  will  be  carried  liy 

parallel  to  the  hanks,  uhile 
A  by  the  oars  In  a  direction 
lar  to  the  bmks :  the  con- 


sequence win  be,  that  it  w31  pan  Hroii 
in  a  diagonal  direction,  arriving  at  the 

other  bank  not  at  the  point  immedi- 
ately opposite  to  where  it  started,  but 
at  a  point  considerably  below  it ;  it 
moves,  in  fact,  in  1hedia);onat  of  a  paral- 
lelogram, one  side  of  which  is  a  straight 
lino  drawn  across  the  river  from  the 
point  where  it  started  perpendicular  to 
the  banks;  and  theotlierside  is  so  much 
of  the  bank  itself  measured  from  the 
point  where  it  started  as  the  current 
moveil  with  the  boat  down  the  river  in 
the  time  taken  to  cro5s  it.  This,  there- 
fore, is  an  example  of  the  composition 
of  motion,  as  the  former  was  of  its  re- 

Tlie  facility  with  which  many  of  the 
feats  of  horsemanship  exhibited  in  the 
drcus  arc  performed  may  be  accounted 
for  on  this  principle.  When  the  man  and 
horse  are  moving  with  great  speed,  it 
someiimes  excites  surprise,  that  when 
the  man  leaps  directly  upward,  the  horse 
does  not  pass  from  under  him,  and  tliat 
he  does  not, in  descending,  alight  upon 
the  ground  perpendicularly  under  the 
point  at  which  he  sprang  from  the 
saddle.  But  it  should  be  considered, 
lliaf,  on  leaving  the  saddle,  the  body  of 
the  rider  has  the  same  velocity  as  that 
of  the  horse:  the  spring  which  betakes 
perpendicularly  upward  in  no  degree 
diminishes  this  velocity ;  so  that,  while 
he  is  ascending  from  the  saddle,  he  ia 
still  advancing  with  the  same  speed  as 
the  horse,  and  continues  so  advancing; 
until  his  return  to  the  saddle.  In  this 
case,  the  body  of  the  rider  describes  the 
diagonal  of  a  parallelogram,  one  side  of 
which  is  in  the  direction  of  the  horse's 
motion,  and  the  other  perpendicularly 
upward,  in  the  direction  in  which  he 
makes  the  leap. 

In  the  common  feat  of  jumping 
through  a  hoop,  and  alighting  again 
on  tlie  saddle,  an  inexperienced  nder 
would  be  likely  to  project  his  body  for- 
ward in  the  same  manner  as  he  would 
do  in  leaping  through  the  same  hoop 
from  the  ground.  In  such  a  case,  instead 
of  alighting  on  the  saddle,  he  would 
alight  either  before  the  horse  or  on  his 
head  or  neck ;  for  he  would,  in  feet, 
then  advance  forward  more  rapidly 
than  the  horse,  bis  body  having,  be- 
sides tlie  speed  of  the  horse,  in  which  it 
always  partakes,  the  additional  speed 
derived  from  the  muscular  exertion 
hy  which  the  rider  projects  his  body 
forward.  All  that  is  requisite  to  exe- 
cute this  feat  is,  to  leap  directly  up* 
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wards  from  the  saddle,  to  a  sufficient  This  attraction  \vhich  the  earth  exeiti 

height  to  clear  the  lower  part  of  the  upon  all  bodies  placed  near  its  surface 

hoi»p  with  the  feet.    IJy  the  speed  which  is  called  terrestrial  gravity  :  and  the 

the  rider  lias  in  common  witli  the  horse,  force    with    which    anybody    drawn 

nis  body  will,  without  any  exertion  on  towards  the  centre  is  pressed  upon  an 

his  part,  i)ass  throuirh  the  hoop,  and  he  horizontal  plane,  called  the  weight  of 

wilbalight  airain  in  "the  saddle,  on  the  that  body. 

other  sidi\  in  his  descent.    Tliese  are  It  must  be  very  obvious  that  all  the 

striking  instances  of  the  composition  of  common  effects  of  falling  bodies,  and  of 

motion.  pressures  produced  hy  weight,  arc  ])er- 

feclly  accounted   for  in  the   preceding 

Chapter  lU.  -On  the  Force  of  observations.    This  attracticm  is  by  no 

Gravity,  means  peculiar  to  the  earth,  but  is  com- 

(l.*).)  Although  tlie  force  of  gi'avity  mon  to  all  material  substances,  whatever 

cannot  ])e  considered,  properly  spiNik-  ])e  their  form,  (iiiantity,  or  position.    In 

ing,  as  itself  a  lirst  mover  or  mecha-  this  respect,  the  foiri'  of  ixravity  differs 

nical  agent,  yet  it  is  the  uuNins  of  pro-  ixom  magnetism,  and  other  attractions 

ducing  and  giving  effect  to  so  extensive  which  are  only  resident  in  sul.)sta.nces  of 

a  class  of  first  movers,  that  it  becomes  ])articular  species.     If  the  earth  were  a 

necessary  to   explain  the    laws  which  large  maeniet.  those  peculiar  substances 

regulate  its  action,  in  order  to  render  only  which  are  a  fleeted  by  the  loadstone 

the  agency  of  some  of  the  principal  first  would  have  weight,  or  would  fall  to  the 

movers  intelligible.  surface  when  unsuppt)rted.     iVll  other 

The    earth  which  we   inhabit  is  a  bodies  would  rest  mdilf'erently  in  any 

mass  of  matter,  nearly,  but  not   ex-  position  in  which  they  might  happen  to 

actly,  of  a  globular  form,  the  diameter  be  placed,   and  would  move   upwards 

being  about  80UU  miles  in  length.    This  just   as  readily   as  downwards.      But 

enormous  mass  possesses  the  pn)perty  ever)^    material    substance   is    suscep- 

of   attracting    towards    its    centre    all  tible   of  the  attraction  of  gravity,  and  i 

smaller  bodies  placed  near  its  surface ;  what  is  more,  it  is  susceptible  of  this 

so  that  if  they  be  j)erfectly  free  to  move  in  the  exact    })ropoi-tion   of  its   mass. 

and  opposed  by  no  obstacle,  they  will  Thus,   if  the    mass  of  the  earth  were  I 

move  m  straight  lines  towards  the  cen-  doubled,  it  would  exert  a  double  altrac- 

tre  of  the  globe,  and  will  continue  so  to  tion  on  all  bodies  placed  near  it,  and 

move  until  they  reach  the  surface.     If  consequentlv    the    weights  of    all  bo- 

the  part  of  the  surface  which  they  meet  dies  would  in  thai  case  be  doubled.    If 

be  solid,  or  even  a  liquid  specifically  its  mass  were  tripled,  the  weights  of  all 

heavier  than  the  descending  bodies,  their  bodies  would  be  trij)led,  and  so  on.    In 

fuither  ai)proach  to  the  renire  will  be  general,  therefore,  the  attraction  which 

obstructed;  but  in  that  case  the  attrac-  the  eai1h  exerts  on  a  body  in  its  vicinitv 

tion  towards  the  centre  will  be  mani-  is  proportional  to  its  mass.                   ' 

fested  by  the  force  with  which  the  bo-  We  have  stated  that   <rravity  is  an 

ches  press  upon  the  resisting  surface,  attraction  common  to  all  material  sub- 

If  the  bodies  thus  supposed  to  have  met  stances;    if  so,  then  it  may  be  asked 

the  surface  in  their  approach  towards  why  do  not  the  various  btxlies  placed 

the  centre  happen  tt)  meet  a  liquid,  as  near  the  earth's  surface  attract  the  earth 

the  sea,  and  be  specifically  heavier  than  towards  them?  If  a  body  be  disengaged 

it,  they  will  still  continue  to  approach  at  any  height  from  the  surface,  it  will  be 

the  centre,  moving  through  the  liquid  drawn  by  the  attraction  of  the  eartli, 

until,  in  fine,  they  be  stopped  either  by  a  and    will    consequently    descend  in* 

liquid  heavier  than  themselves  or  a  hard  straight  line  perpendicular  to  the  sur* 

surface.      All  lines    which   are  drawn  face ;  but  since  the  body  attracts  the 

from  points  without  a  globe  to  its  cen-  earth,  why  does  not  the  surf:ice  axceid 

tre   are  evidently  i)ei-pen(heul;a-  to   its  towards  the  body,  being  drawn  by  the 

surface;    and  hence  bodies,  in  moving  attraction  of  the  body  on  the  eartli;  in 

towards   the  centre   of  the  earth,  at-  w  hieh  case,  the  surface  of  the  earth  and 

tracted  by  its  influence,  move  j)ei-])en-  the  body   would  meet  at   some  place 

dicularly  to  its  surface ;  and  when  their  intfrmediate  between   their  first   po^ii- 

progress  is  obstructed  by  that  surface  tions?  We  answer  that,  in  fact,  tliis  veiy 

they  press  on  it  pei-pendiculariy  with  a  effect  takes  place.    The  surface  of  the 

force  equal  to  that  with  which  they  are  earth  does    approach    the    desceudins 

attracted  towards  the  centre.  body,  and  that  descending  bodv  not  only 
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bodies  which  dcterni.ne  their  mutual  produced  increases  exactly  in  (he  same 
attractions.    Tlieir  distapces  from  each  ratio  as  the  time  of  producini;  it.  When 
other  affect  this  force.     It  is  found  that  a  body,  suspended  at  any  h«»ight  above 
the  force  of  attraction  decreases  as  the  the  surface  of  the  earth,  is  first  disen- 
distance   is    increased,  but  in  a  still  ^aged,  it  commences  to  move  with  an 
greater  projiortion.  Thus,  for  example,  mfinitely  small  velocity,  but,  by  the  con- 
it  body  placed  upon  the  surface  of  the  tinual  .iction  of  the   attraction  of  the 
«arth,  at  the  distance  of4000  miles  from  earth,  that  velocity  is  mcreased,  and  is 
its  centre,  is   attracted  with   a  certain  constantly  increasmg  during  the  descent 
force  towards  that  centre.    At  dou])le  of  tlic  body.    This  peculiar  species  of 
that  distance,  or  at  4000  above  the  sur-  motion  is  therefore  called  accelerated 
face,  it  would  be  only  attracted  with  the  motion,  and  the   force  which  produces 
fourth  part  of  that  force,  and  it  would,  it  is  called  an  accelerating  force. 
in  fact,  lose  three-fourths  of  its  weight.  (26.)  To  explain  the   uniformity  of 
We  shall  not,  however,  pursue  this  the  attraction  of  the  earth  upon  a  falling 
investifiration  further,  since  it  more  pro-  body,  let  us  suppose  that,  at  the  end  of 
perly  belonirs  to  another  department  of  the  first  second  of  the  fall,  the  body  has 
the  science.     The  motions  to  which  we  received  a  certain  velocity.     At  the  end 
shall  have  to  call  the  attention  of  the  of  the  first  two  seconds  it  will  be  found 
student,  all  take  place  ui)on  the  surface  to  have  received  twice  that  velocity ;   at 
of  the  earth»  or  so   near  it  that  the  the  end  of  the  first  three  seconds,  three 
chanire  in  the  intensity  of  the  force  of  times  that  velocity,  and  so  on,  the  velo- 
gravity  arising  from  the  difference  of  city  continually  increasing,  and  in  the 
distance  is  altogether  insignificant.   We  same  ratio,  as  the  time  from   the  com- 
shall,  therefore,  consider  gravity  as  an  mencement  of  the  descent  increases, 
uniform  force,  that  is,  as  an  attraction  There  will,  therefore,  be  no  difficulty 
which  aff'ects  the  same  body  in  the  same  in  calculating  arithmetically  the  velo- 
degree,  whatever  its  position  may  be,  city  which  a  falling  body  will  acqiiire  in 
and  which  aftects  equal  bodies  equally,  any  time  from  the  commencement  of  its 
(24.)  The  earth  being  globular,   or  fall.     Let  g  exi)ress  the  velocity  wliich 
nearly  so,  it   follows,  that  the  lines  in  it  would  accpiire  in  one  second,  and  let 
which  its  attraction  acts  converge  to-  T  be  the  number  of  seconds  from  the 
wards  its  centre,  and  that  at  ditierent  commencement  of  its  fall,  and  V  be  tlie 
parts  of  the  earth  the  hues   in  which  velocity  acquired.    From  what  we  have 
falling  bodies  descend  are  not  parallel,  stated,  it  must  be  evident  that  V  is  as 
but  are  such  as,  if  continued,  would  in-  many  times  g  as  there  are  seconds  hi  T. 
tersect  at  the  centre.      In  considering.  Hence,    expressing    this   algebraically, 
however,  the  action  of  gravity  on  bodies,  we  have  V=^  T. 

at  places  not  far  distant  on  the  surface  (27.)  We  have  stated  that  the  earth's 
of  the  earth  ;  we  may  assume,  without  attraction  acts  on  all  bodies  in  propor- 
sensible  error,  that  the  directions  in  tion  to  their  quantities  of  matter;  in 
which  it  acts  are  ])arallel,  and  that  they  fact,  it  woidd  seem  that  it  impressed  a 
are  all  jjcrpendicular  to  the  same  hori-  separate  force  ui)on  each  particle  cf  a 
zontal  plane.  A  distance  so  great  as  one  body,  and  equal  forces  on  all  the  parti- 
mile  will  only  produce  a  deviation  from  cles.  Thus,  if  it  impress  a  certain  force 
parallelism  amounting  to  less  tlian  one  on  a  solid  body*  that  force  is  made  up 
minute,  or  the  sixtieth  part  of  a  degree,  of  the  forces  which  it  impresses  on  all 
(25.)  If  a  body  be  put  in  motion  by  its  several  parts,  so  that  if  the  solid  body 
an  impulse,  the  consequence  would  be,  be  broken  into  small  pieces,  each  piece 
that  it  would  continually  move  in  the  will  be  attracted  as  strongly  by  gi-avity 
direction  of  that  impulse,  with  the  same  as  it  was  when  united  in  one  solid  mass 
uniform  velocity  with  which  it  com-  with  the  other  pieces.  From  this  a 
mcnced  its  motion,  provided  that  it  were  very  remarkable,  and,  apparently,  fiUse 
free  from  resistances,  such  as  those  of  conseciuence  follows :  viz.  that  all  bo- 
firiction,  air,  &c.  The  force  of  gravity,  dies  wnatever,  large  and  small,  heavy 
or  any  other  attraction,  differs  essentially  and  light,  must  descend  with  the  same 
from  an  impulse.  An  impidse  acts  in-  speed.  We  know,  however,  that  under 
stantaneousiy,  and  produces  all  its  efiect  ordinary  circumstances,  a  feather  and  a 
at  once,  and  time  does  not  change  that  piece  of  gold  will  not  fall  with  the  same 
effect.  On  the  other  hand,  attraction,  speed;  and  we  know  further,  that  some 
such  as  gravity,  requires  time  to  pro-  bodies,  an  inflated  balloon  for  example, 
inoe  any  effect  at  all,  and  tb«;  effect  will,  instead  of  falling,   actually  rise. 
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These  examples  npT)i>ar  to  contrailict  a  small  balloon  of  ma.teTials    strong 

Iht.' coni^lusion  to  whidi  our  reasoning  enough  to  resist  the  clastiu  foroe  of  tlie 

lius  eonducted  us,  but  thuy  only  appi^ar  ^as,  which  would  tend  to  burst  it  when 

to   do   so.     It    is   pi'rfcirll)-  trui'.   Itiat  pbcpd   in  the   exhaustcil   rtM:civer.   w« 

f^rnvilv.  as  far  as  its  altniclioii  is  con-  sliould  find  not  only  that  it  would  not 

eurneit,  accelerates  llie  dcsci-iit  of  t"    "  -■"--•--  > . ..  .i__,  z. ..      •,•>< 


bodies  equally;  but  wlien  IkhIii's  full 
under  ordinary  ciretimslanccs,  anolhur 
force  ojiposed  to  cavity  i--  prmlutel, 
which  in  the  resistance  oftlie  air  on  Ihj 
nirfkcu  of  the  di'scemlini;  Imdy.  No,v 
this  resiittancc,  unlike  the  force  of  ••y-A- 
rity,  is  nnt  proportional  to  the  weiirhl  or 
quantity  of  matlw  in  the  body,  li  "  ' 


at  the  top,  but  that  it  would  M 
a%  rapidly  as  a  ptece  of  lead. 

(iy.)  Ilaving  shown  that  the  velocity 
acquired  by  a  falling  body  is  propor- 
lioiial  to  \he  linif,  it  is  natural  to  inouire 
vihellicr  any  rule  can  t>c  olilainen  by 
nliieh  we  may  compute  the  spaces 
Ihroutrh  wliidi  a  body  ^>  ill  fall  in  any 
(riven  time.    Such  a  rule  may  be  easily 


pends  on  the  surface  wliicli  llie  body  derived  by  mathi'n)atie,il  reasoning  from 
iinppens  to  oppose  1othe  air.  A  fialhii-  the  rule  alruiuly  ^ven  for  the  velucitv, 
exposes,  in  proportion  to  its  weight,  a  but  the  reasoning  cannot  be  proiteriy 
miicli  croater  surface  to  tlie  air  than  a  introiluciil  here."  Tlie  rule  itself,  how- 
piece  of  i;old  does,  and  therefore  sutters  ever,  is  easily  understood.  If  a  falling 
amtieli  )^atcrresiiitancetoils  descent.  iHMly  descend  through  a  certain  space 
"■         ■ ■    ■*    ~ ,j,fj^^ 


That  it  is  the  weiMfht  of  the  air  prevents 
the  descent,  and  causes  the  ascent  of 
the  balloon,  will  Vm  seen  by  rrt^rence  to 
the  si\lh  chapter  of  our  tiealise  on 
Pneumatics,  art.  (31.) 

0!8.)  Itmay,however,be  satisfactory 
to  establish,  by  immediate  cx|)erimcnt, 

the  theorem  that  gravity.  aclmK  inde-  seconds,  multiply  the  s-pace  '.liroui;h 
pendcntly  of  oilier  forees,  causes  all  which  it  falls  m  tme  second  liy  the 
bodiestodesocndttithtlic  same  velocity.    s<|uare+  of  the  number  of  seconds  in  the 


the  first  si'cond  of  it      .  .  ..    

scemi  through  four  times  that  space  in 
the  first  two  seconds,  nine  times  that 
ipace  in  the  firsi  ihri-i-  seconds,  sixteen 
luiRS  lha(  space  in  (lie  first  four  Kivonds ; 
and  in  general,  to  find  the  space  itwill 
fall  llirouirh  in  any  i^\en  number  of 


time  of  the  faU. 

nms  if  m  \k  the  space  tlirough  wliich 
a  liody  would  f,ill  in  one  second,  r/i  T' 
is  the  space  throui-h  which  it  will  fall  in 
Ihe  number  of  seeonds  expressed  bj-T: 
and  ifS  Ulhis  space.  «c  have  S  =  »iT«. 
We,  therelbri'.  it.mmonly  say,  that  the 
spaces  llHi)uuh  which  a  bod^-  falls,  are 

u..»  v.... -I  it-i  ii%.ni..    "slhe  sipian's  of  the  times  from  the 

pass.  air-lii;l>t  also,    Iw-'Hi'inini;  of  ils  fiill. 

and  iMirioi:  a  small  ,'.^"'*  ^Veshall  findthespace  Ihroujjli 
which  a  body  falls  in  Ihe  second  * 


&.  r.        On    the  plali 

ifig.  7.)  of  Uie  au- 
punip,  place  a  iajl 
i;h.s    rmivcr    K, 

^•n    at    llic    top. 

in  the  top  ijlace  a 
i>riisseovcr,  fitting  it 
air-lichl.    Throuirh 


K",i 


i-laJ  ai 


nd  u  piece  of    °^'^'  descent,  by  subtracliiii;  Ihe 


slaire  beini;  so  con-  ^''''^  tn-Hm  tlirough  in  the  first  two 
triveiiaslofallwhcn  seconds.  Tlic  foriner  bein^  expressed 
the  wire  is  lumeil  by  yV  '"•  "'«  !'»'*<■'>* '«'''"  and  the  lUfference 
tlu'handat  II.  This  J"  ■''"■, ■'^'"'"' '^'^ ''P'^**^ '^"^^  *'"<""* 
being  arran!,T.il,  let  '"'»«  third  second  wiUt>c  found  by  sub- 
be  e\-  "'■•'>"'"":  the  siiacc  described  in  the  first 
two  seconds  which  is  4  m,  from  that 
dcscril)ed  in    Ihe  first   three    seconds 


freetetl.      I 
viioal  H.s 


tilt  fealbcr  am!  metal  are  placed,  fall.  It 
will  be  found  that  till'  feather  and 
metal  slrike  llw  (mmp  plale  E  at  the 
same  instant.*      If  ive  couM  cimstnict 


e  ditfm 

the  sjiace  descrilicd  in  (lie  third  second. 
In  the  same  way  we  shall  find  that  Tm, 
9  "I,  II  m,  &c.  arc  the  spaces  which  it 


prapiair'l  ntimbtr  br  JtHir.  Ihn 
r|nirODf  3,  ;ix3  M  0  u  lb*  iqura 
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iklls  through  in  the  fourth,  fifth,  sixth 
seconds,  &c.  respectively.  The  spaces, 
therefore,  through  whicn  a  body  tails  in 
the  successive  seconds,  or  any  other 
equal  portions  of  time,  are  as  the  odd 
integers,  1,3,  5,  7,  &c. 

(31.)  From  these  investigations  it 
api>ears,  that  the  calculation  of  the  ve- 
locity which  a  falling  botly  acquires 
in  any  given  time,  depends  on  tluit 
which  it  acquires  in  one  second,  which, 
therefore,  it  is  absolutely  necessaiy 
to  know  in  order  to  be  a])lc  to  com- 
pute any  other  velocity.  In  like  niun- 
ncr,  in  order  to  be  able  to  compute 
the  space  through  which  a  body  will 
fall  in  any  given  time,  it  is  necessar}'  to 
know  the  space  through  which  a  body 
would  fall  in  one  second.  'The  velocity 
accpiired  in  one  second,  and  the  space 
fiillen  through  in  one  second,  are  tlu'ie- 
fore  the  fundamental  elements  of  the 
whole  calculation,  and  are  all  that  are 
necessary  for  the  computation  of  the 
various  circumstances  attending  the 
phenomena  of  faUing  bodies. 

(32.)  But  even  these  two  elements 
are  not  independent.  If  we  knew  either, 
we  should  immediately  detect  the  other. 
This  circumstance  arises  from  a  very 
remarkable  relation  which  is  found  to 
subsist  between  the  space  throujjh 
which  a  body  falls  in  any  time,  and  the 
velocity  Avhich  it  acquires  in  that  time. 
If,  after  a  body  has  fallen  by  the  action 
of  the  force  of  gravity  for  any  time,  say 
one  second,  the  action  of  the  soliciting 
force  were  suddenly  suspended,  wlml 
would  be  the  consequence  ?  No  further 
velocity  would  be  communicated  to  the 
body,  since  the  cause  from  which  its 
constant  accession  of  velocity  i)roceeded 
is  suspended ;  but,  on  the  other  hand, 
the  body  will  not  lose  that  velocity 
which  it  has  already  acquired.  It  will 
consequently  continue  to  fall,  but  in- 
stead of  descendin.i]:  with  an  accelerated 
motion,  it  will  descend  witJi  the  velocity 
which  it  has  accjuired,  continued  uni- 
form through  the  whole  of  its  descent, 
describing  ecpial  spaces  in  equal  times. 
In  this  case,  it  will  be  touiul  tluit  the 
space  through  which  it  falls  in  each 
second  after  the  Inst  will  be  exactly 
equal  to  twice  the  space  through  \\  hich 
it  fell  in  the  first  second  by  the  force  of 
gravity.*     Now  if  the  velocity  be  esti- 

•  By  art  (26.)  wp  foand  V iiiO  T  ;  an'l  in  note  on 
«rt  (S^.)  we  obtained  S  •  4y 'P^  Kliminatjnjj  if  •>>' 
tbe»e  e«]uation8,  we  obtnin  S=  J  V  T.  IJnt  V  T 
II  the  space  which  would  he  de&crilx'l  with  the 
uBiiorm  velocitj  V  in  tktf  time  T,  and  i«,  thi-relorts 


mated  by  the  space  described  uniformly 
in  one  second,  it  will  follow  that  the 
velocity  acquired  in  one  second  is  equal 
to  twice  the  space  through  which  a 
body  will  fall  freely  by  the  action  of 
gravity  in  one  second.  Thus  the  space 
which  we  have  expressed  by  m  is  equal 
to  half  of  that  which  we  have  expressed 
by  ^. 

(33.)  The  two  formula?  expressing 
alL::ebraically  the  relation  between  the 
space,  time,  and  the  velocity  actjuired, 
become  therefore  V^.^*-  T,  S-^^  T*, 
where  ^'- represents  the  velocity  acquire<l 
in  one  second ;  or  V-2  ;/*  T  S^mT*, 
where  ?«  represents  the  space  through 
Avhich  a  body  falls  freely  in  one  se- 
cond. 

The  following  Table  exhibits  the 
relation  of  the  spaces,  velocities,  and 
times,  conformably  to  the  laws  which 
we  have  just  laid  down.  The  space 
fallen  through  in  the  first  second  is 
taken  as  the  imit  of  lenfrth : 


Sfooud*  Vtlority 

from  rhc  aaquiix-d 

lMigiiinin){  at  the 

of  the  ciul  of 

icMMMit,  that  time. 


1 
o 

3 
4 
5 
0 

8 


2 
4 

6 
S 
10 
12 
14 
10 


f".il'<-n 

ttir>'ivh 

ill  th  It 

tlllK'. 

1 

4 

i) 

l(i 
2.-) 
3(i 
40 


Pj-nce 

r.Jkn 

tlinniph 

In  thv  list 

ntcoml  of 

ttiv  fall. 

1 

3 

r» 

7 

9 
11 
13 
15 


and,   in   the   same  manner,   the  table 
might  ])e  ct>ntinued  to  any  extent. 

(34.)  To  siiliniit  tlie  several  laws 
which  v.e  have  now  e\i)lained,  as  go- 
verning the  descent  of  hea\y  bocUes,  to 
direct  ex])eriment,  would  be  attended 
with  considerable  difiicnlties.  A  body 
will  fall,  in  a  single  second,  throuirh  the 
height  of  about  sixteen  perpendicular 
feet.*  In  two  seconds  it  will  therefore 
fall  through  sixty-four  feet ;  and  in 
four  seconds  throujxti  about  2^}Vt  fcHit. 
Thus  if  our  experiments  are  limited 
to  four  seconds,  it  would  be  necessary 
that  we  should  connnand  an  height 
<4'2jG  feet.  IJut  further;  in  observing 
the  velocity,  consideral)le  difficidty 
would  arise  from  its  magnitude.  The 
velocity  acciuireil  in  one  second  would 
be  one  of  32  feet  ]K»r  second  ;  and, 
thei-efore,   the  velocity  acquired  in  four 


twMC  th«*  spare  S.  thro'igh  which  the  body  fall>  in 
tin*  timr  T. 

in  the  latvludc  k-A  liouOLViU 
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seconds  would  be  128  feet  per  second,    by  the  immediate  action  of  gravity.  This, 
or  7680  feet  per  minute.  in  fact,  would  be  the  case  were  the  force 

Independeiitlyof  these  difficulties,  the  which  gravity  exerts  upon  it  wholly 
resistance  which  the  atmosphere  would  spent  in  producinc:  its  descent ;  but  it 
offer  to  such  rapid  motions,  would  be  should  not  be  forgotten  that  the  ascent 
so  considerable  as  to  produce  a  great  of  the  weight  at  the  opposite  end  of  the 
discordance  between  the  effects  ob-  thread  is  to  be  accomplished  ;  and  since 
served,  and  the  laws  which  have  been  the  orii::inal  weiirht  placed  upon  the  de- 
laid  down  on  the  su])p()sition  that  all  scendiug  end  is  only  sufficient  to  coun- 
rcsistances  to  the  free  descent  of  the  ter])oise  it,  it  can  have  no  share  in 
body  are  removed.  raisini;  it.     Its  elevation,  therefore,  is 

(35.)  Neveiiheless,  the  truth  of  entirely  effected  by  the  force  which- 
these  laws  can  b«  estab]ishe<l  by  the  gravity  impresses  on  the  additional 
most  rigorous  experiments  ;  and  al-  weight  placed  at  the  descending  end  of 
thouirh  the  impeduuents  to  which  we  the  string;  tind  all  the  force  thus  spent 
have  just  alkuled  cannot  be  directly  in  drawins:  up  the  opposite  weight  is 
removed,  they  mav  bo  evaded.  It  oc-  necessarily  subtracted  from  the  force 
curred  to  Mr.  George  Attwood,  that,  with  which  the  additional  weight  at  the 
if  a  force  of  the  same  kind  with  the  descending  end  falls.  The  additional 
force  of  gravity,  but  of  a  much  less  weight  has  also  to  draw  down  the  de- 
intensity,  could  be  obtained,  the  de-  scending  wciirht,  and  to  give  it  as  much 
scent  of  bodies,  actuated  by  such  a  moving  force  in  its  descent  as  it  gives 
force,  while  it  would  be  reirulated  by  the  to  the  ascending  weight  in  its  ascent. 
9ame  lawx  as  the  descent  of  heavv  bodies  Hence  it  follows,  that  the  smaller  this 
by  the  force  of  gravity,  would  be  so  additional  weiglit  is  in  comparison  with 
slow  that  the  resistance  of  the  air  tlie  ecpial  weights  originally  susjwnded, 
would  produce  no  sensible  effect,  and  the  slower  will  be  the  rale  of  its  de- 
at  the  same  time  all  the   particulars  of    scent. 

space,  time,  and  velocity  might  be  de-  It  still  remained,  however,  to  remove 
liuerately  observed,  and  accurately  mea-  the  effects  of  the  friction  of  the  wheel, 
sured.  To  realize  this  concei)tion,  he  on  which  the  thread  connecting  the 
passed  a  fine  silken  thread  over  a  LToove  weights  turned.  Mr.  Attwood  accom- 
m  the  edge  of  the  rim  of  a  wheel  which  plished  this,  by  an  ingenious  combina- 
tumed  freely  on  an  horizontal  axle,  and  tionof  wheels.'called  fi'ict ion-wheels,  by 
from  the  ends  of  the  thread  he  sus-  which  the  axle  of  the  wheel  canying 
ptmded  equal  weights.  In  this  state,  the  thread,  instead  of  turning  in  cylin- 
the  weights  were  necessarily  in  e(|uili-  drical  holes,  rested  on  the  edges  of  other 
brium.  To  one  of  the  weights  he  added  wheels,  by  which  means,  tlie  friction 
a  small  quantity,  so  as  to  give  it  a  again^^t  the  inner  surface  of  the  holes  in 
slight  preponderance.  It  c(mse(piently  which  the  axle  tumetl,  was  entii*ely 
commenced  to  descend,  causmg  the  avoided;  and,  if  all  frietion  was  not 
lighter  weight  to  ascend.  Setting  aside  removed,  as  far  as  it  alfected  the  motion 
the  effects  of  the  friction  of  the  wheel  of  the  weights,  it  v. as  so  far  diminished 
on  which  the  string  connecting  the  as  to  produce  no  .sensible  effect  upon 
weights  rested,  the  descent  t)f  the  weight  tiie  motion  of  the  weights  in  the  expe- 
was,  in  this  case,  one  of  uniform  acce-  riments  for  which  the  apparatus  was 
leration,  similar  exactly  to  the  deseent     used. 

of  a  hea\y  hotly,  but  differing  in  this,  (37.)  A  representation  of  this  beau- 
that  the  acceleration  might  be  rendered  tiful  and  useful  contrivance  is  given 
as  slow  as  might  be  thought  neee-^sary  mji^.  8,  (and  on  an  enlarged  scale  in 
for  the  purposes  of  convenient  and  ac-  /iff.  !),)/-»  r  d  is  the  rim  of  the  wheel 
curate  obser\ation.  by  diminishing  to  over  which  the  thread  sustaining  the 
any  degree  the  preponderancy  given  to  weights  pjisses.  The  ends  of  the  axle 
t;\e  heavier  weight.  of  this  \\hvc\  rest   n\nm    the  rims  of 

(3(i.)  As  we  have  stated  that  hght  two  pairs  of  wheels,  as  is  represented  in 
and  heavy  bocUes  are  equally  accele-  the  figure,  and  aln?ady  described.  The 
rated  by  gravity,  it  might  Ixj  supposed,  stand  carrying  the  ap])aralus  is  sup- 
that,  since  the  equal  weights  first  sus-  ported  by  a  strong  j)illar,  and  immedi- 
l)eiide<l  from  the  thread  counterpoise  ately  under  this  stand  is  placed  an 
each  other,  the  additional  weight  sus-  upright  shaft  C  D,  divided  to  inches* 
pended  from  one  end  should  descend  half  inches,  and  tenths,  for  the  purpose 
wji/i  as  gre-dt  veloaty  &s  it  would  hose    of  measuring  the  rate  of  descent    A 


and  B  tre  two  equal  cylindrical  weif^hts 
tuapended  frnm  the  ends  of  the  thread. 


which  rests  in  a  groove  on  Die  edge  ol 
the  wheel  bed,  S  is  a  small  stage 
which  can  be  screwed  ujion  the  jrradu- 
ated  shaft,  at  any  particular  di^'ision  at 
which  it  is  designed  to  stop  the  descent 
of  the  weiglit.  G  is  a  clock,  attached 
to  the  principal  pillar,  which  beats  se- 
conds, in  order  to  mark  Ihe  rate  of  dc- 

The  weights  A  B  are,  commonly,  so 
adjusted,  that,  by  placing  on  the  (op  of 
the  cj'lindiical  weight  A  a  weight  0  of 
a  iiiiarler  of  an  ounce,  the  weight  A  will 
descend  throu^i  Ihi'ce  inches  in  one 
second.  Thus  we  have  obtained  an 
accelerating  force,  which  is  sixty-four 
times  less  than  that  of  gravity,  and  yet 
whicli  retains  all  tlie  characteristic  pe- 
culiarities of  that  force.  In  fact  it  is 
the  force  of  gravity  correcUyreprcsented 
in  miniature. 

(38.)  We  shall  now  show  how  this 
macliine  is  applied  to  establish  by  expe- 
rimi-nt  the  laws  which  repilale  the  de- 
scent of  lieavy  bodies  and  which  have 
been  already  explained. 

A'j-,  1.  To  eslahlish  these  laws  by 
experiment,  a  ring  H  is  provided,  at 
tachcd  lo  a  block  E,  which  can  be  fixed 
by  a  screw  to  any  division  of  the  gradu- 
ated shaft.  Abarofmetal/is  also  pro- 
vided, weighing  a  quarter  of  an  ounce, 
and  longer  Ihan  the  diameter  of  the  ring 
R.  Let  the  ring  R  be  fixed  by  tlie 
screw  to  any  (Uvision  of  the  scale,  and 
let  the  stage  S  be  so  fixed,  that  when 
the  weight  A  rests  upon  it,  Ihe  top  of 
the  weight  will  be  six  inches  exactly 
l.'elow  the  ring  K.  This  done,  let  tjie 
weight  A  he  elevated  by  drawing  down 
the  weight  B  until  the  top  of  the  weight 
A  is  exactly  three  inches  above  the 
ring  R,  Holding  ihe  weight  A  in  this 
position,  let  the  bar  F  be  placed  upon 
it,  and  observing  tlie  beats  of  the  clock, 
let  the  weight  A  commence  its  descent 
'  with  any  beat.  It  will  be  found  that 
the  strolce  of  the  bar  F  on  the  ring  R 
will  exactly  c<iincide  with  Ihe  next  heat, 
and  tlial  the  stroke  of  the  weight  A  on 
the  stage  S  will  coincide  prerasely  with 
the  succeeding  beat.  It  will  be  obscned 
that  the  accelerated  motion  of  the  weight 
A  fur  ihe  first  second,  and  before  the 
barshikes  the  ring,  is  entirely  owing  to 
the  action  of  Ihe  force  of  gravity  on  the 
bar  (30).  When  the  bar'  is  t^en  off 
the  w-eigbt  A  by  the  ring  nt  the  end  of 
the  first  secontf,  this  cause  of  accelera- 
tion ceases,  the  action  of  gravity  is  sus- 
pended, and  tlie  weight  A  moves  onta 
the  Btage  8  vi'vttv  "iie  ■siSiw;\V^  's\w\i.  "*. 
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had  acquired  at  R.    Now  ^'e  hare  seen  through  throe  inches  in  one  second ;  in 

that  this  velocity  was  such  that  it  moved  the  second  experiment  it  fell  Ihrouijh 

throu|::h  six  inches  in  one  second.  twelve  inches  in  two  seconds,  and  in  the 

Ex.  2.  Again,  let  the  statue  be  placed  third  it  fell  through  twenty-seven  inches 

so  that  when  the  weight  A  rests  upon  in  three  seconds.    Now  the  numbers 

it,  the  top  of  the  weight  will  be  twelve  three,  twelve,  and  twenty-seven  are  as 

inc-hi's  from  the  ring  R,  and  let  the  one,  four  and  nine,  wliicli  are  the  squares 

wt'iicht  B  be  dt-pressed  imtil  the  top  of  of  one,  two,  and  three.    Hence  tlie  law 

the  weight  A  is  twelve  inches  above  the  already  exi)lained,  that*'the  spaces  fallen 

rinir  K.      This  done,  let  the  bar  F  be  throui^h  are  propoiiional  to  the  squai-cs 

plutc<l  on  the  weiijht  A,  and  let  that  of  the  limes,"  is  verified, 
wri^'ht  Ik;  disengageil  at  the  moment  of        In  the  first  experiment  it  was  shown 

any  beat  of  the  clock;  it  will  be   ob-  that  the   velocity   acquired  in    falling 

Kfi'viil  that  the  stroke  of  the  bar  F  upon  through  three  inches,  was  such  as  would 

the  liniT  U  will  coincide  exactly  with  the  cariy    the   weight  in    the  same   time 

third  beat,  the  descent  through  twelve  through    six    inches   when  continued 

iiichis  bcinir  made  in  two  seconds,  and  uniform  and  without  furtlier  increa.se. 

tlirit  the  stroke  uf  the  weight  A  upon  the  In  the  second  experiment  it  was  shown 

stage  S  will  coincide  pi-ecisely  with  the  that  with  the  velocity  acquired  in  falling 

fourth  beat,  the  wcisrht  moving  through  through  twelve  inches  in  two  seconds, 

\\\v  twrlve  inclies  below  the  rinii:  ^vith  the   weiu:ht    A  would  move    through 

tiie   velocity    it    has   acquiied  in  two  twelve  inches   in   one    second,  and   it 

seconds.  would,  therefore,  move  through  twenty - 

A>.  .'J.  Now  let  the  slaice  S  be  once  four  inches  in  two  seconds.  In  like 
more  removed,  and  placed  so  that,  when  manner,  in  the  third  experiment,  it  ap- 
theweiirht  A  stands  upon  it,  tl\e  top  of  peared  that  with  the  velocity  Jicquired 
the  wciirht  wiin»eeiijliteen  inches  below  in  falling  through  twenty-seven  inches 
the  rim:  1"^.  lA't  the  weii^lit  B  be  c!e-  in  three  seccmds,  the  weight  A  moved 
jHosed  until  tlie  top  of  the  weiirht  A  is  through eiijhteen  inches  in  one  second; 
twenty-seven  inches  abo\e  the  stage  S.  and,  theretbre,  would*  move  through 
1a\  the  bai"  F  be  then  i)laced  ui)on  the  fifty-four  inches  in  tlnee  seconds.  Each 
ueiirht  A  as  before,  and  pel  mitt ing  the  of  these  experiments,  tlierefore,  veri- 
weii^ht  to  commence  its  descent  with  the  fies  the  law,  that,  "with  the  velocity 
fir^t  beat  oftlie  pendulum,  the  bar  will  which  a  body  acquires  in  anytime,  it 
strike  the  rinir  R  with  the  fourth  beat,  would,  if  that  velocity  were  continued 
and  the  weiirht  A  will  strike  the  staire  S  uniform,  move  through  twice  that  space 
with  the  fifth  beat.  The  weiirht,  there-  in  the  same  time." 
fore,  descends  throiurh  twenty-seven  Also  by  the  first  experiment  it  ap- 
inclies  with  ;ui  accelerated  motion  in  peared  that  the  space  fallen  through  in 
three  swonds,  and  at  the  end  of  that  the  first  second  of  the  descent  was  three 
time  has  accpiired  such  a  velocity,  as  to  inches.  By  the  second  experiment  it 
move  tluough  eighteen  inches  in  a  appeared,  that  the  space  fallen  through 
second.  m  the  first  two  seconds  was  twelve 
(3U.)  Now  let  us  review  the  results  of  inches.  It  consequently  follows,  that 
these  three  experiments.  By  the  first  it  the  sj)ace  fallen  throngh  in  tlic  second 
apiH'ars,  that  the  velocity  ac(iuiretl  in  second  must  have  been  nine  inches, 
one  second  is  such  as  to  make  the  w  eight  By  the  third  experiment  the  space  fallen 
A  move  at  the  rate  of  six  inches  per  through  in  three  seconds  was  twenty- 
second.  By  the  second  experiment  it  seven  inches.  Takinjj  fi*om  tliis  the 
ai)pears,  that  the  velocity  accpiired  in  space  fallen  throuirh  in  the  first  iwo 
two  seconds  is  twelve  inches  per  second ;  seconds,  which  is  twelve  inches,  tlie  re- 
and  by  thetliird  experiment  it  api)e{u-s,  maiuder,  fifteen  inches,  is  the  space  fallen 
that  the  velocity  acquiied  in  three  tlirough  in  tlie  third  second.  Thus  the 
seconds  is  eighteen  inches  per  second,  spaces  described  in  the  first,  second. 
Thus  the  velocities  acquired  in  one,  two,  and  third  seconds  of  the  fall  are  three, 
and  tliree  seconds,  are  as  six,  twelve,  nine,  and  fifteen  inches  respectively, 
and  eighteen,  wliich  numbers  are  as  one,  whicii  are  as  the  numbers  one,  three, 
two,  and  three.  Hence  the  law  before  ami  five.  This  verifies  the  law  before 
explained,  that'*  the  velocities  acquired  explained,  that  **  the  spaces  described 
are  jui  the  time  of  acquiring  tlieni,"  is  by  a  falling  hotly  in  the  successive  equal 
verified.  inten  als  are  as' the  odd  integers." 

In  the  first  experiment  the  weight  fell       Since  the  \\e\\g|l^\a  tc^xa  x^vi^Ocl  >dQ^i^ 
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fell  are  proportional  to  the  iquares  of 
the  tunes  of  the  &U  (29.)iaiid  the  times 
themselves  are  proportional  to  the  velo- 
cities (26.)i  it  follows  that  the  heights 
are  proportional  to  the  squares  of  the 
velocities.  That  a  body  may  acquire 
a  double  velocity,  it  is  requisite  that  it 
should  fall  firom  a  fourfold  height,  and 
toon. 

Chapter  IV. — On  the  Centre  of 
Gravity, 

(40.)  Wx  have  staled  that,  at  a  given 
place  upon  the  surface  of  the  earth,  the 
force  of  gravity  acts  on  all  bodies  in 
lines  wliich  are  parallel  to  each  other, 
and  perpendicular  to  an  honzontal,  or 
level  plane.  When  it  acts  upon  a  single 
body,  it  does  not  ac^t,  as  it  were,  by  a 
sin^e  eifort,  but  impresses  a  separate 
^orce  upon  each  particle  of  tlie  oody ; 
«nd  its  total  effect  is  composinl  of  the 
sum  of  all  its  effects  thus  produced 
upon  the  particles.  Now  there  is  in  the 
body  a  certain  iM)int,  at  which,  if  the 
attraction  of  gravity  impressed  a  single 
force,  equal  in  intensity  to  the  sum  of  all 
its  separate  actions  on  the  component 
parts  of  the  bo<9y,  the  ultimate  effect 
would  be  the  same  as  it  is  under  the 
system  of  separate  action  which  really 
obtains.  This  point,  the  existence  of 
which  we  shall  prove  ex])erimentally, 
is  called  the  centre  ofgnwity, 

(41.)  If  the  attnuition  of  gravity 
were  confined  in  its  action  to  one  par- 
ticular point,  there  are  certain  efkcts 
which  would  vei^'  evidently  ensue. 

First,  if  tliat  point  were  supported  or 
fixed,  the  body  would  rest  in  any  posi- 
tion whatever  in  which  it  should  be 
placed.  For  the  only  cause  which  we 
suppose  to  affect  it  so  as  to  produce 
motion,  acts  upon  a  point  which  we 
suppose  fixed. 

Secondly,  If  the  body  be  perfectly 
free  to  move,  the  point  on  which  the 
attraction  acts  will  commence  to  move 
in  the  direction  of  that  attraction,  and 
in  this  case  will,  therefore,  commence 
to  move  in  a  line  perpendicular  to  an 
horizontal  plane. 

Thirdly,  If  the  body  be  suspended 
^y.*"y  point  different  from  that  at 
which  alone  the  attraction  of  gravity  is 
supposed  to  act,  it  will  only  remain  at 
rest  in  two  positions,  viz.  when  the  at- 
tracted point  is  immediately  under  or 
immediately  over  the  point  of  suspen- 
sion. If  the  attracted  point  be  in  any 
ttVher  position,  the  body  will  move  round 


-A?.  10. 


the  point  of  luspension,  all  its  ptxli 
describing  circles  round  that  point,  until 
the  attracted  point  settles  directly  undor 
thepoint  of  suspension. 

These  effects  will 
be  evident  from  a  lit- 
tle consideration.  Let 
A  B  be  the  body,  and 
P  the  point  at  which 
it  is  suspended,  and 
round  which  it  is  ca- 
pable of  moving.  Let 
C  be  the  pomt  at 
which  the  whole  at- 
traction of  gravity  is 
supposed  to  act. — 
First,  suppose  this 
point  to  be  placed  in 
a  line  P  D,  vertically 
under  the  fixed  point 
P.  The  attraction 
then  acting  in  the  di- 
rection of  the  line  C  D,  will  only  pro- 
duce a  pull  on  the  point  P,  which  will 
resist  it,  and  no  motion  fig,  \\, 
will  ensue. 

Next,  let  the  point 
C  be  in  a  line  verti- 
cally above  the  fixeil 
point  P.  The  whole  at- 
tract ion  will  now  act  in 
the  direction  C  D,  and 
will  therefore  produce  a 
pressure  on  tlie  point 
P,  which  will  be  re- 
sisted by  that  point, 
and  no  motion  wul  en- 
sue. 

Lastly,  let  C  be  in  a 
position  neither  direct- 
or above  nor  behw  the 
nxed  point  P.  Draw 
C  D'  peri)endicular  to  an  horizontal 
plane,  and  parallel  to  C  D,  and  taking 

Jig.  12. 


any  portion   C  o  firom  C»  dnw  the 
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{Huvllelognun  Cnom,  the  sides  no 
and  m  C  being  perpendicular  to 
PCB. 

By  (9.)  it  appears,  that  if  C  o,  (Jfg, 
13),  be  tidcen  to  represent  the  whole  at- 
traction on  the  point  C,  it  is  equivalent 

Jig.  13. 


to  t^vo  separate  attractions  represented 
in  intensity  and  direction  by  the  lines 
C  n  and  C  m,  and  its  effect  is  the  same  as 
the  united  effects  of  these  two  would 
be.  Now  it  is  obvious,  that  a  force 
actin&r  from  C,  in  the  direction  C  n, 
would  have  no  effect  in  producing  mo- 
tion, but  would  be  resisted  by  the  fixed 
point  1\  against  which  it  would  press, 
while  the  other  force  C  m,  perpendicular 
to  C  P,  would  tend  to  turn  the  body 
round  C  P,  so  as  to  bring  the  point  C 
to  the  line  P  D,  directly  below  the  point 
of  suspension  P,  in  which  position,  after 
some  oscillations,  it  woulcl  rest 

(42.)  From  this  investigation,  it  fol- 
lows, that  if  the  parallel  actions  of  the 
force  of  gravity  on  the  particles  of  a 
body  be  capable  of  being  represented  by 
an  equivalent  force,  acting  at  a  single 
point,  that  point  may  be  determined  by 
the  properties  which  we  have  just  ex- 

Elained.  Let  a  body  which  is  bounded 
y  two  parallel  planes,  be  suspended 
from  any  point  taicen  at  pleasure  in  it. 
It  will  be  found  that  there  is  but  one 
position  in  which  it  will  hang  steadily 
at  rest,  and  without  swinging.  To  the 
point  of  suspension  let  a  plumb  line  be 
attached,  and  let  the  line  in  which  it 
touches  the  plane  surface  of  the  sus- 
pended body  be  marked.  Let  the  body 
be  now  suspended  from  some  other 

Eoint  in  its  plane  surface,  and  let  another 
ne  be  drawn  upon  it  in  the  direction 
of  the  plumb  line.  This  process  being 
applied  to  any  number  of  different 
points  in  the  sinlkce  of  the  body,  and  a 


number  of  such  lines  being  drawn  upon 
it  in  the  direction  of  the  plumb  line,  it 
will  be  fbund  that  all  these  lines  will 
intersect  each  other  in  the  same  point. 
It  follows,  therefore,  that  this  point  has 
the  property  mentioned  in  (41.),  of  set- 
tling itself  vertically  under  the  point  of 
suspension  when  the  body  is  in  equili- 
brium. 

Next  let  the  point  thus  determined 
be  made  the  point  of  suspension,  and  it 
will  be  found  that  the  body  will  rest  in 
any  position  in  which  it  may  be  placed, 
and  tliat  it  will  not,  under  any  circum- 
stances, vibrate  or  swing. 

Again,  let  the  body  be  suspended  by 
any  point  different  from  that  which  we 
have  here  determined,  and  let  it  be  so 
placed  that  this  point  shall  be  placed 
vertically  over  the  point  of  suspension. 
It  will  he  found  that  tlie  body  will  re- 
main in  equilibrium  so  long  as  its  posi- 
tion is  not  changed;  but  upon  the  least 
impulse  which  moves  tlic  point  in 
question  from  its  position,  it  will  turn 
round  the  point  of  suspension,  and  settle, 
after  some  vibrations,  into  the  position 
directly  under  the  point  of  suspension. 

The  point,  the  existence  and  proper- 
tics  of  which  are  thus  establishea,  is 
then  the  centre  of  gravity. 

In  the  preceding  experiment,  we  have 
selected  a  body  bounded  by  parallel 
planes,  for  the  purpose  of  simplifying 
tlie  experimental  process.  Stnctly 
speaking,  the  centre  of  j^avity  is  not  at 
the  intersection  of  the  lines  determined 
by  the  plumb  line  on  the  plane  surface, 
but,  if  a  line  be  drawn  peri)endicular  to 
the  plane  surface  througli  the  body,  it 
will  ue  at  the  middle  point  of  this  line. 

If  we  could  conveniently  pierce  the 
dimensions  of  a  body  by  straight  lines, 
the  centre  of  gravity  of  any  b^y,  what- 
ever be  its  figure,  could  be  found  ex- 
perimentally i)y  the  same  process.  It 
it  be  successively  suspended  by  several 
points,  and  pierced  by  straight  lines,  in 
each  case  passing  in  a  vertical  direction 
through  the  point  of  suspension,  it 
would  be  found  that,  however  numerous 
these  lines  might  be,  they  would  all  in- 
tersect in  one  point,  which  would  be 
the  centre  of  gravity  of  the  body. 

(43.)  By  these  properties  of  the  centre 
of  gravity  y  mechanical  problems  respect- 
ing the  effects  of  the  weights  of  bodies  are 
susceptible  of  considerable  simplifica 
tion;  tor,  instead  of  taking  into  considera- 
tion the  separate  effects  of  the  attraction 
of  gravitation  on  the  several  particles 
of  which  a^body  is  couK^^n^^HvCWiA 
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Bufficient  to  eonsider  a  single  force 
equal  to  the  sum  of  all  these  separate 
attractions,  drawing  the  centre  of  fi;ravity 
in  a  line  perpendicular  to  an  horizontal 
plane,  which  line  is  called  the  line  of 
direction.  In  this  line  the  centre  of 
gravity  will  always  either  move,  or  en- 
deavour to  move,  and  it  will  alicays 
cutsume  the  lowest  position  which  the 
eircum*itances  under  which  the  body  is 
9ituatfHi  will  admit  of, 

(44.)  If  by  the  application  of  external 
force  al>ody  be  so  adjusted,  that  the  cen- 
tre of  cn*avity  be  ])laced  in  Ihe  hifi^hent 
position  which  the  circumstances  under 
which  the  body  is  situated  permit,  tlie 
body  will  nunain  at  rest  so  loni^  as  it  be 
periectly  undisturbed  ;  but,  as  in  the 
case  01  susiK»nsion  already  mentioned, 
the  slightest  disturbance  will  cause  the 
centre  of  y^avity  to  descend  to  the  low- 
est position.  Of  these  two  positions  in 
which  it  is  possible  for  the  body  to  n-st, 
tlu»  former  is  called  instable,  and  the 
latter  stable,  equilibrium. 

(45.)  If  a  body  be  placed  upon  a 
plane,  its  stability  will  be  determined  by 
the  ])osition  of  the  line  of  direction  with 
re.sj)ect  to  the  base. 

Let  A  B  C  D  (//ir.  14.)  be  a  body  rest- 
ing on  the  level  plane  L  M.  Let  O  be 


side  D  C.  For  draw  O  D,  and  from  N 
draw  N  m  i)erpendicular  to  D  O,  and 
complete  the  parallelogram  N  w  O  n. 
The  diagonal  N  O  being  taken  to  repre- 
sent the  whole  force  of  gravity,  it  may  be 
resolved  (9.)  into  two  forces,  represented 
by  O  m  and  O  7i,  The  force  O  /w  is  re- 
sisted by  the  plane  L  M  at  D,  and  the 
force  ()  n  evidently  tends  to  turn  the 
body  round  the  point  D,  and  to  make  it 
fall  upon  the  i)lane  towards  the  point  M. 
If  the  hue  of  direction  fall  upon  the 
edufo  D  of  the  base,  the  body  is  in  a 
state  of  instable  e([uilil)riiun.  '  For  let 
O  D  {JiiT.  Ui.)  be  pei-juMulicular  to  the 
plane  L  M,  and  with  D  as  centre,  and 


its  centre  of  E^avity,  and  O  N  the  line 
of  direction  falling  within  the  base  A  1). 
Since  the  whole  force  which  gravity 
exerts  \\\)o\\  the  body  m:iy  be  conceived 
to  be  applied  at  O,  in  the  direction 
()  N,  that  force  wQl  l)e  sui)ported  or 
resisted  by  the  plane  L  M,  and  the  body 
will  slancl  firm. 

Hut  if  the  line  of  direction  ( )  N  (Jig.  15.) 
fall  without  the  base  A  D,  the  case  will 


fig,  15. 


the  distance  or  radius  1)  O,  describe  a 
quadrant  of  a  circle.  It  is  evident  th«it 
if  tlie  point  O  be  moved  t^)^^;Lllls  M,  it 
will  move  through  a  part  of  the  circular 
arc  ^)  E,  and  eveiy  jiart  of  this  a]*c  is 
nearer  to  D  M  than  C),  and,  theretbre, 
tlie  point  ()  must  descend.  The  slightest 
disturbance  in  this  case  will  make  the 
body  fall  towards  M. 

(46.)  In  general,  tlie  higher  the  centre 
of  gi-avity  of  a  body  is,  compared  with  tlie 
ex-tent  of  its  base,  the  more  easily  will 
it  be  overturnifd.  This  will  be  easily 
explained.     Let  A  B  C  D,  {Jig.  17.)  be 
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be  clifTerent.  The7*rce  of  gravity  will 
now  attt  ui)on  ther«J<ly,  so  as  to  miike  it 
turn  over  tlie  edgtv  D,*  and  fall  upon  tlie 


a  body  resting  on  the  horizontal  plane 
L  M,  and  on  the  ba.se  A 1).  Let  O  l)e 
the  centre  of  gravity,  and  ()  N  the  line 
of  direction.  Draw  ()  D,  and  with  D  as 
centre,  and  the  radius  D  O,  let  tlie  cir- 
cular arch  O  F  be  described.  In  order 
tliat  the  body  A  B  (J  D  should  turn  over 
the  edge  D,  it  will  be  necessaiy  that  the 
edire  A  be  lifted  oft'  the  plane  I.  M  to 
such  an  height,  that  the  point  O  sliall 
be  raised  through  the  arch  O  E,  beyond 
the  point  P]. 

Now  let  us  su])pose  that,  by  placing  » 
load  G  K.  {fig.  18.)  over  A  B  (J  D,  the 
centre  of  gra\  ity  be  raised  from  O  lo  O", 
it  will  be  only  neca»$ury  to  raise  ths 
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centre  of  gravity  O'  throiich  the  u-ch 
O'  E,  in  urder  to  turn  tlie  bixly  ovw 
IhsedgeD. 


^ 

"^    M 

.  16. 

1 

It  i«  evident  that  a.  much  less  eleva. 
tioti  of  the  ed^e  A  will  effect  thia,  liian 
that  which  would  lie  neeessuy  to  raise 
the  centre  <>  through  tlie  arch  0  E  in 
tlie  rnrnier  case. 

Tlie  dani>er  of  loading  carriaijes  liea- 
vily  at  the  top,  when  the  lower  parts  of 
the  VL'hicle  ore  comparatively  unloaded, 
ii  aeconnted  fur  in  this  way,  and  also 
the  danger  arising  troin  persons  .stand' 
ing  up  in  a  boat.  In  these  cbson,  the 
centre  of  gravity  is  raised,  and  the  faci- 
lity with  wliich  the  vehicle  mny  be  over- 
turned is  proportionally  increased. 

If  it  be  altcinpled  to  su|i|iort  n  Ixidy 
upon  a  Hharp  point,  cunsiderablc  diffi- 
culty will  be  felt  owin^  to  tlie  |inic(ical 
impotvibility  of  keqiing  the  ci^nlrc  of 
gravity  of  the  bo<ly  vertically  over  the 
point  on  which  it  is  sustained.  It^  how- 
ever, a  motion  of  rotation  l>e  communi- 
cated to  the  body,  and  it  be  made  to 
spin  on  |lhe  point,  it  will  be  found  to 
be  balanced  willi  comparative  etuie.  In 
this  case,  the  centre  of  gravity  in  each 
revohilion   of  the   body  assiuncn  every 

Kssilile  position  round  the  point,  and 
i  an  equal  tendency  to  make  the  hody 
incline  in  all  directions  round  it  Con- 
seutiently.  Us  tendency  to  make  the 
body  incline  in  any  one  direction,  is 
lifter  half  a  revolution  counteracted  by 
■n  equal  tendency  to  make  it  incline  in 
the  opposite  diret-t ion;  and  provided  the 
motion  or  rotation  he  sufficiently  r:ipid, 
tliese  o|>posite  tendencien  follow  in  such 
quick  succession,  that  they  counteract 
each  other  as  etfectnally  as  if  they  acted 
Hmultaneuusly. 

Chaptbu  v.— On  IValtr    eoruidered 
as  a  Mgchanical  Agent, 

(47.)  Whhx  water  descends  from  any 
kvel  to  n  lower  one,  its  weight  duruiK 


the  detcent  may  be  used  ax  a  mccha- 
nical  agent.  That  tliis  maybe  possible, 
it  ia  only  necessary  that  there  should 
be  a  sufficient  supply  of  water  at  ths 
superior  level,  and  tnat  there  should  ta 
means  of  carr}'ing  it  off  after  its  descent, 
10  as  to  prevent,  by  its  accumulation, 
the  equalization  of  the  two  levels.  The 
most  usual  means  of  giving  motion  to 
machinery  liy  this  power  is  awheel,  on 
the  circumference  of  wliich  the  weight 
of  thewuter  is  made  to  act  in  its  descent, 
in  a  direction  as  nearly  as  possible  at 
right  angles  to  the  radii;  this  pressure, 
however,  acting  only  at  one  side  of  the 
wheel.  Wheels  driven  by  this  power 
are  of  two  kinds,  the  ovenkot  uhcel 
and  the  breast-wheel. 

Tile  diameter  of  an  overshot  wheel  ij 
nearly  e(|ual  lo  the  diffrrenec  of  the 
levels  of  the  water  by  w  hich  il  is  moved. 
A  section  of  such  a  wheel  at  right  ancles 
toitsaxUis  rejiresenled  111/14'.  lU  Tlie 
M  13 


rim  is  furnished  Wllh  buckets  which  re- 
ceive the  water  as  it  descends  tVom  the 
superior  level  A.  The  buckets  from  (ho 
top  H  of  the  wheel  to  the  end  ¥  of  Ihe 
horizontal  diameter  FG  are  constantly 
full  of  water,  while  thosu  tVom  F  to  a 
point  u',  where  the  side  of  the  bucket 
becomes  level  or  horizontal,  arc  only 
partially  filled;   those   fl-om   a'   (u  tlio 


aU  emply. 

In  this  state  the  wheel  will  t>e  turned 
round  by  the  weight  of  the  water  in 
the  bucki-ts,  since  (hat  weight  acU 
entirely  on  one  side,  H  F  L,  of  the 
nlieel,  and  is  not  count enwised  by 
an  equal  weight  on  the  other  side ; 
and  the  wheel  will  continue  to  be 
UucntHl  so  long  as  a  supply  of  water  tuf-  , 
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fieient  for  the  purpose  is  recared  from 
the  superior  levi:l  A. 

The  weights  of  the  water  in  the  seve- 
ral buckets,  however,  are  not  equally 
elfecUve  in  turrung  the  wheel ;  this 
will  be  easily  perceived.  If  any  water 
were  contained  in  the  higheiit  bucket 
H,  its  weight  would  press  upon  the 
«xle  O  in  the  direction  11  (>.  This 
weiglit  would  be  entirely  sustained  by 
the  supports  of  the  whed,  aiid  would 
contribute  in  no  degree  to  its  motion. 
fVom  the  several  buckets  a  b  c,  &c., 
conceive  the  lines  uA,  b  K,  cC,  &c. 
drawn  pcrpendieular  to  the  horizontal 
diiunetur  F  G.  Tlie  weight  of  tliu  water 
in  the  bucket  a  has  Ihe  same  effect  in 
making  the  wheel  revolve  as  if  that 
weight  acted  at  A,  by  the  arm  or  lever 
A  O.  In  the  same  way  Ihe  wei(chts  of 
tiie  water  in  the  several  buckets  bed 
and  e  have  the  same  effect  as  if  they 
acted  at  tlie  points  B  C  D  E.  Now  it 
i«  very  erident,  that  the  more  remote 
Irom  the  centre  O  a  given  weight  acts, 
the  more  eHeclive  will  that  weight  be  in 
turning  the  wheel ;  and  therefore,  (he 
water  in  the  butkets  near  F  is  propor- 
lioneJly  more  etfective  than  that  in  those 
near  H.  The  same  may  be  said  of  the 
bnckets  ("ifc'.  As,  however,  thewater 
li^ns  to  flow  from  each  bucket  as  il 
descends  from  the  end  F  of  the  horizon- 
tal diameter,  these  buckets,  e'd'c',  pro- 
duce a  less  eftect  than  those  ede  imme- 
diately above  them,  in  proportion  as 
they  contain  a  less  weight  of  water. 

In  order  to  increase  the  power  of 
overshot  water-wheels,  engineers  have 
given  considerable  attention  to  the  con- 
struction of  Ihe  buckets,  which  should 
be  so  shaped  as  to  retain  as  much  of  the 
water  as  possible  until  they  reach  the 
lowest  pomt  L,  but  to  retain  none  after 
they  pass  that  point;  in  faci,  each 
bucket  should  be  empty  on  arriving  at 
the  lowest  point  L,  but  should  remain 
filled  until  it  come  as  near  as  possi- 
ble to  that  point:  to  alt^n  this,  va- 
rious forms  of  buckets  have  been 
suggested.  Tliat  which  has  been  getiC' 
rally  con^dered  best  is  re[>resented  in 
*^. 21. 

This  bucket  is  formed  of  (lu-ee 
planes ;  A  B  is  in  Ihe  direction  of  the 
radius  of  Ihe  wheel,  and  is  called  the 
ttarl,  or  thouldeT ;  B  U  is  called  Ihe 
arm,  and  CU  the  u'm'.  Tliese  buckets 
are  so  constructed,  tliat  when  A  Q 
makes  an  angle  of  35°  with  the  vertical 
diameter  of  the  wheel,  the  line  A  D  is 
boriiontal ;  and  the  ar«a  of  the  figurt 


A  B  C  B  is  equal  to 
that  of  F  C  B  A;  so 
that  as  much  water  is 
retained  in  the  bucket  in 
this  position  as  would 
fill  F  U  B  A :  the  whole 
of  the  water  is  not  dis-  ^ 
charged  until  C  D  be- 
comes hoiixoutal,  whii'h 
takes  place  when  the 
line  A  B  is  veiy  near  tlie 
lowest  point.  ■ 

In  atteinjiting  to  keep 
ail  the  descending  buck- 
ets filled,  it  should  not 
be  forgotten,  that  the  increased  pres- 
sure upon  the  supports  of  the  axle  jiim- 
duces  Bn  increasitl  resistance  from  fric- 
tion ;  and  therefore,  that  there  is  neces- 
sarily a  certain  distance  from  the  highe^it 
and  lowest  point,  wilhin  which  a  weighl 
inadescendingbuckct  is  a  positive  impe- 
diment to  the  motion  of  the  wheel.  ITiis 
will  be  readily  understood  by  commenc- 
ing with  tlie  extreme  cases  of  the  liigh- 
est  and  lowest  buckets  themselves.    II 


before  stated,  have  do  efRH.1  whalevei 
in  turning  the  wheel,  but  will  press  op 
the  supports  of  the  axle  with  lis  entire 
force ;  the  friction,  being  proportional 
to  the  perpendicular  pressure,  will  there- 
fore be  increased;  and  hence  an  addi- 
tional resistance  to  Ihe  ell'ect  of  the 
water  in  the  descending  buckets  will 
be  created;  tlius  il  appears,  that  water 
in  the  highest  and  lowest  buckets  is  a 
positive  resistance  to  Ihe  molion  of  the 
wheel.  Now\  suppose  the  iiucketsaii' 
near  the  highest  and  lowest  points  be 
filled,  two  effects  will  Ihon  be  produced; 
an  additional  ))rcssure  on  Ihe  axle ;  and 
therefore  an  increased  resistance  will  Ire 
created  on  the  one  hand,  and  a  moving 
force  with  the  leverage  A  ()  will  be 
brought  into  action  on  tlie  other  hand : 
but  when  the  buckets  a  u'  are  very  near 
the  highest  and  lowest  points,  the  lever- 
age A  O  will  be  vciy  small,  w  hile  the 
increased  pressiu-e  on  the  axle  will  be 
very  great.  Thus  the  increased  resis- 
tance may  he  greater  than  the  moving 
force  wliicli  is  gained ;  and  therefore,  on 
the  whole,  a  loss  of  ])ower  will  ensue. 

From  this  reasoning,  it  is  apparent 
Ihat  there  is  a  certain  distance  from  the 
highest  and  lowest  points  at  which  the 
momentum,  or  moving  power  of  the 
water  in  the  buckets  is  only  equal  to 
resistance  arising  from  friction,  which 
iti  owD  weight  creates ;  and  il  is  very 
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plain,  th&t,  within  this  distance  from  the 
nighest  and  lowest  points,  a  (UU  bucket 
occasions  a  positive  loss  of  power,  and 
even  beyond  this  limit,  but  near  it,  vtjy 
little  advantage  can  be  gained. 

There  is  a  certain  velocity  with  which 
an  over-shot  wheel  should  move,  in 
order  to  produce  the  greatest  effect. 
This  ivill  be  evident  trom  considering 
two  extreme  cases.  If  the  wheel  t>c 
10  loa'led  as  to  render  the  weight  of 
water  instiilicient  to  move  it,  the  velo- 
city I>ecomes  nothing;  and  it  is  evident 
that  the  effect  becomes  nothing.  If,  on 
the  other  hand,  the  whei'l  be  supposed 
to  turn  as  rapidly  as  the  water  would 
fell  freely,  it  is  evident  that  the  effect  of 
the  weight  of  the  water  in  the  buckets 
will  be  nothing,  since  thev  descend  as 
fast  as  the  water  itself  would.  Between 
these  limiting  cases  there  is  an  interme- 
diate velocity,  which  will  give  the  best 
possible  effect. 

Mr.  Smcaton  concludes  ironi  expe- 
rience, that  the  best  general  nde  for  the 
velocity  of  the  circumference  of  an  over- 
shot wheel  is  three  feet  per  second ; 
and  he  considers  that  this  eipially  ap- 
pUes  to  litrge  anil  small  wheels.  In 
deviating,  however,  from  this  rule,  he 
considers  that  high  wheels  lose  less  of 
their  effect,  in  proportion  to  their  whale 
power,  than  smaller  ones. 

<4S.)  Incases  where  the  height  of  (he 
fall  is  considerable,  and  the  supply  of 
water  very  limited,  a  contrivance  of  the 
kind  represented  in  fig.  21  is  frequently 

An  endless  chain,  carrjing  a  series  of 
bnckcts  C  F  E  D,  is  made  to  revolve  on 
two  wheels  A  H,  called  rog-irhfrls. 
The  water  flows  into  the  highest  bucket 
at  N  ;  and  when  it  descends,  (he  next 
bucket  D  takes  its  phce  and  is  lihevMse 
filled,  and  thus  e\i.rv  bucket  on  the 
side  C  is  lilled,  while  those  on  the  side 


E,  being  inverted,  are  empty ;  the  chaia 
of  buckets  is  therefore  constantly  car- 


ried  round  in  the  direction  C  P  E  D  by 
the  weiffht  of  the  water, 

(49.>^  The  brpast-icked  is  another 
means  by  which  the  weight  of  water  is 
applied  as  a  mechanical  agent.  This 
wheel  is  furnished  at  its  edge  or  rim  with 
flat  hoards,  callcd_^aaf -Aourib,  the  planes 
of  which  are  at  right  angles  to  the  plane 
of  (he  wheel,  and  in  the  direction  of  the 
radii.  TTie  water  is  delivered  at  some 
point  near  (he  end  of  the  horizontal  dia- 
meter. The  float-boards  are  fitted  to 
Ihc  mill  course  as  represented  \nfiK.  22, 
so  as  to  teaie  only  as  much  play  as  is 
absnUitely  necessary  for  the  free  motion 
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of  the  wheel,  bo  ttiat  the  wafer  may  be 
retained  between  the  float'baanis  nnd 
the  mill-course,  and  that  it  may  net  by 
its  weight  until  it  has  airived  nearly  at 
the  lowest  poiht  of  the  wheel. 

(3U.)  An  undenhol-wheel  is  driven 
exclusively  by  the  momentum  or  moving 
furce  of  water,  and  is  quite  inilepeiiili-Dt 
of  its  weight.  Like  the  breast-wheel  it 
is  furnished  with  float-boanls,  nitainst 
which  the  water  is  delivered  l)y  a  sloping 
eanal  al  the  under  part  of  the  » lieel,  as 
represented  in  Jig.  23. 


The  efTnA  of  such  a  wheel  depends  on 
the  quantity  of  water  in  the  mill-conrse, 
and  Ibe  velocity  with  wliicli  it  strikes 
the  float-boards.  The  veioclty  will  de- 
pend on  the  height  of  the  fall,  uhich 
tlierefore  should  be  as  much  increased 
as  the  peculiar  circumstances  of  the 
situation  will  admit. 

Much  difference  of  opinion  has  sub- 
sisted Hmong  mechanical  ivriters  re- 
specting the  Ijest  number  of  float-lmards 
in  undershot- wheels.  Bossut  shows, 
that  when  the  velocity  of  the  wheel  is 
given,  there  is  acertain  number  of  flo;it- 
boards,  which  produces  the  greatest  cf- 


The  rule  of  Bossut,  howcrer,  i«  not 

simple  enough  to  be  of  use  to  the  prac- 
tical mechanic.  In  general,  it  may  Im 
observed  that  the  wheel  may  be  fUr- 
nishc<l  with  as  great  a  number  of  float- 
boards  as  the  strength  of  the  rim  to 
which  they  are  attached  will  conveni- 
ently admit,  care  being  taken  a(  the  same 
time  not  to  overload  the  wheel  bv  their 
weight  The  injury  arising  from  having 
too  limited  a  number  of  float-boards  ia 
much  greater  than  any  which  could 
possibly  arise  fi^m  the  opposite  error. 

(SI.)  In  estimating  'he  power  of  k 
stream  on  an  imdershot- wheel,  it  is 
frequently  necessary  to  measure  the 
veloeiTy  of  the  stream,  and  the  quan- 
tily  of'^  water  which  flows  througn  its 
bed.  Various  melhods  have  lieen  sug- 
gested of  measuring  the  velocity  of 
a  stream.  One  of  (lie  most  simple  ia 
to  stretch  two  strings  across  it,  each 
perjiendieular  to  its  course,  and  at  as 
great  a  distance  one  from  the  other 
as  may  he  found  convenient.  Let  & 
light  floating  tmdv  be  flung  into  the 
stream,  above  the  higher  strine,  and  let 
the  moment  of  its  passing  under  each 
string  Ih'  obwn'ed  by  a  clock  which 
beats  half  or  quarter  seconds.  Tha 
time  of  the  passage  of  the  floating  body 
from  the  one  siring  to  the  other,  will 
thus  be  obtaineil,  and  by  measuring  the 
distance  between  the  two  slrings,  the 
rate  at  which  it  was  carried  along  by  the 
stream  will  be  found,  which  will  be  the 
velocity  of  the  stream. 

A  more  accurate  method  of  deter- 
mining Ihe  velocity  of  a  stream  is,  by  a 
sniiiU  wheel,  furnished  with  float-boards 
as  represented  in^.  34.    This  wheel  is 


about  one  foot  in  diameter,  and  moves  screw.    An  index  oh  is  fixed  to  the 

upon  a  fine  screw  a  b,  passing  through  movable  axle  at  A,  and  when  the  wheel 

its  axle  B  6.   When  the  float-boards  are  commences  its  motion,  the  point  of  Oie 

impelled  by  the  stream,  the  axle  B  A  will  index  is  at  Don  the  fixed  scalenia.   As 

be  turned  upon  the  screw  a  b,  and  will  the  wheel  moves  toward*  D,  each  revo- 

epprouh  toward  D,  each  revolutton  lulion  move*  the  indax  oh  over  one 

moving  it  through  one  thread  of  the  diviaon  of  the  graduated  soale,  so  that 
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ioiiniL  Another  n«t  an  tnilnr  index 
ilKnvit  tlie  purls  of  n  revnliiliim.  At  Ih'e 
n>mm(*not'inent  of  llic  molion,  the  jMiiiit 
1  i*  (lin-cted  to  o  on  the  gruJiiiitcil  rim 
rfthn  wheel. 

Having  fiiumf  liy  (liis  initniment  the 
iiini)HT  of  reviilkitioiis  atiil  frAdioniil 
jartK  nl'  »  revriliitinn  ivhich  hflvc  l>n^n 
.jorformt'i!  in  a  i^vcn  limp;  multiply 
■lie  i-in-iimfiTeiice  of  tin-  wliwl  by  that 
'iiimliCT,  nnil  we  shall  Ihen  timl  tl'ie  vc- 
Iwity  wiih  which  tliL' L'ircninR-rcneu  of 
Ihi"  whi-cl  moci-s. 

(3'.'.)  The  third  priiptrly,  in  virtue 
of  wllieh  xTatcr  hcciinu"!  !i  mci-hnnitiLl 
agenl,  in  that  jMiniT  whith,  in  cnmmon 
with  nil  fluids,  it  poswvM-it  of  lnin«mit- 
liiiB  pri>ssiirc  ciiially  in  every  dircclion. 
If  tvnler  be  confinM  in  any  vessel,  and 
a  pressure  to  any  amount  lie  exerted  un 
n  si|iinri;  ineh  of  thai  water,  a  )m'ssiire 
to  an  wiitnl  amonnt  ivill  lie  transmitted 
Id  i-vtry  sniiare  ineh  of  the  surfai-e  of 
the  vessel  in  which  tha  water  Ls  con- 
fliwd. 

Uneofthe  most  remarkahle  instanecs 
ofthecmploymcnl  ofthisiiHipirty  as  a 
ntii-hiinieid  u^-nl,  is  in  BriLniiih's  hy- 
(Irii'-'n'ic  invus,  the  thitiry  of  nliieh  is 
extroiiK-lv  simpii*.  Alar-^-  solid  |iln(;nr 
pi  stun  All  1  /&r.  'iH.)  is  omstnieti-d  so  na 
ti>  move  v,ater-ti:rlit  in  a  n-lindir  V  D. 
Tlif  sjnce  liim'iith  llie  j)if,Um  is  fill.il 
■  with  nattM",  and  oummiinK'utes  lij'a  pipe 
K  ¥  nith  a  small  foivin<;-j)iim)>,  nurkcd 
hy  the  (lisliHi  G,an<l  l>y  wliK-li  the  wati-r  is 
foiTiil  into  the  thiiniljer  uf  tile  ej  hiuler 


^g.  ib. 


C  n  Itflow  the  trreat  pist( 
SLiliposu  the  entire  siiace  Iwtwet'n  tlie 
t«o  piMons  to  bf  filliHl  nilli  water,  and 
a  pressure  of  one  pound  exerteil  on  llu; 
u'lLterliy  means  of  the  piiiton  U  of  the 
forein4;-piimp.  Let  us  also  suppose  that 
Ihe  diameter  of  the  piston  G  is  a  (quarter 
.  of  an  inch,  aod  that  the  diameter  of  the 
pston  B  is  one  foot     In  that  case,  tlie 


base  of  the  piston  B,  nhicl)  is  pressed 
by  the  water,  is  -i-UH  times  llie  liase  u( 
the  jiiston  G,  whieh  presses  the  '.vnler, 
and  m  virtue  of  tlie  piitier  of  transmit- 
liiit;  preHsurc  to  which  we  have  aliTndj 
alluded,  a  pmsnre  of  one  jiound  will  Iw 
transinitttsl  lii  every  ])art  of  Ihe  base  of 
the  prealer  piston  which  is  equal  tii  Iho 
ba*ie  of  the  less.  Thu^tanuri^nicpressure 
ofoncpmmd  on  the  l>ascot'tlie  lesser 
pi.4ton  G  will  priHliKv  a  jwu^snrc  of 
i'MyXlht.  flcainst  Ihe  lui'^e  of  the  f^'euter 
nislon  1).  This  ]iro]N-rly  of  fluids,  tlu're- 
fore,  seems  to  invent  ns  with  a  power  of 
inereasinir  tlie  inlensjiy  of  a  pressun 
exertetl  liy  a  eonqKirutively  small  force, 
wilhont  any  otlu-r  limil  than  that  of  the 
strength  of  the  materialji  of  whieh  tlie 
eninne  itself  is  CDiislmcled. 

Tills  property  of  li(['iicls  aUo  enables 
us  with  creal  facility  lo  transmit  tJit 
motiim  and  force  of  one  machine  to 
another,  in  cases  where  local  eircimi- 
stanecs  pn-ehule  the  ixissibilitv  ofinsti- 
tiiliii:;  any  onlinaiy  mechanical  con- 
nexion iHilween  the  two  mnehines.  llius 
tnerfly  by  means  of  Wiiter-jiipes  Ihe 
force  of  a  machine  may  Ije  tnmsmitlcil 
to  any  distance,  and  over  inequalities  of 
trruund,  or  throniH)  any  other  obstruc- 


f5.1.)  Am  may  iH'i-onie  a  mechanical 
asent  liv  uieaiis  of  jlsfour  propertii'S, 
wei:rlit,  invrliii,  lliiidily.  or  power  of 
friiii->iiii'tini;  jiiTs^ntr.  und  its  elaslicity. 
In  onrtieatiseon  I'>(KrMATH:?.(..'hnp- 
terlll,  it  WHS  jirOMtl,  thai  a  column  of 
tur.  whose  \\s.nv  is  one  suiiare  ineh,  and 
wlKise  heidit  is  thill  of  the  almus|ihcTC, 
Ki,'ii;hs  alsnit  fiHwn  pounds,  t'onsc- 
queully,  it  follows,  lliat  an  horizontal 
siirfaee  sustains  a  weicht  or  presstiru 
aiiiiiun'ini;  lo  fifteen  timet  as  many 
pi.undi  as  llien-  are  square  inelH-s  in  its 
extent.  If  thru  we  liave  a  soliil  nub- 
stance  iMlb  no  horiionlal  surface,  for 
exnuiple,  a  piston  placed  in  a  vertical 
cylinder,  and  Ihat  we  arc  able  by  any 
means  to  remove  all  resistance  from 
hfhiH-  it,  it  will  lie  forctil  down  by  a 
meehanical  pri'ssure  i>f  fiReen  limes  as 
poiiiMls  as  there  .ire  square  inches 


:s  uppei 


surface,  and  in  this  v 


mechanieal  afient  of  a  (lower  tinii'ted 
only  liy  the  i»iu;nitudeof  tlie  piston  will 
be  obtained. 

But   neculiar  difficulties  in    f!:ivini; 
efficacy  to  this  power  arise  !h)m  Ivro 
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other  properties  of  air,  its  fluidity  and  vacuum,  or  rarefaction,  be  produced  by 

its  elasticity.    By  the  former  it  trans-  mechanical  means,  no  power  will  be 

mits  the  pressure    arising    from    the  jc^ined,  since  it  will  always  require  as 

weight  of  the  incumbent  atmosphere  much  force  to  accomplisH  this,  as  will 

equally  in  every  direction,  so  that  it  is  be  exerted  by  the  atmospheric  pressure 

not  only  an  horizontal  surface  which  when  it  has   been   accomplished.     In 

sustains  the  pressure  of  15lbs.  ]M»r  inch,  the  use   of   mechanism,  however,  the 

but  surfaces  in   all  possible  directions  gaining:  of  power  is  not  always  the  tnd 

and  positions  suffer  the  same  pressure,  to  be  attained.    It  is  frequently  a  matter 

Also,  by  reason  of  air  being  an  elastic  of  great  convenience,  and,  in  a  certain 

fluid,  it  expands  itself,  so  as  to  fill  every  sense,  of  great  mechanical  advantage, 

open   space  not   actually  occupied  by  to  be  able,  by  a  power  which  acts  in 

other  bodies,   whether  solid   or  fluid,  some  particular  manner,  to  obtain  ano- 

Consequently  in  the  case  we  have  sup-  ther  c^/wo/ power,  whose  mode  of  action 

posed,  air  must  occupy  the  space  in  the  may  be  diitercnt,  and  better  suited  to 

cylinder  below  tJie  piston   as   well  as  the  pm-pose  to  which  mechanical  agency 

above  it,  and  if  so,  the  fluidity-  of  the  is  to  be  applied.    This  is,  in  fact,  tlie 

air  will  transmit  the  pressure*  arising  case  in   every  instance  in  which  the 

from  tlie  weight  of  the  atmosphere  to  atmospheric  pressure   is  obtained   by 

the  lower  surface  of  the  piston  with  un-  mechanical  rarefaction,  and  in   every 

diminished  force,   and  thus  we   shall  such    case  the   atmospheric    pressure 

have  the  piston  pressed  upwanis  and  should  not  be  looked  upon  as  the  prime 

downwards  with  equal  forces,  and  con-  mover,  but  rather   as   an   intermediate 

sequently    no    mechanical    advantage  agent  derivine:  its   entire  efficacy  from 

will  be  obtained.  that  power,  whatever  it  may  be,  which 

(54.)  It  appears,  therefore,  that  before  is  used  to  produce  the  rarefaction.    A 

the  weight  of  the  atmosphere,  whether  most  obvious  instance  of  this  maybe 

acting  immediately  downwards,  or  trans-  observed  in  the  common  suction-pump, 

milled  laterally,  obliquely,  or  upwards,  described  in  our  Treatise  on  Pneumatics, 

by  means  of  its  fluidity,  can  be  used  as  Art.  40.     This   machine  is  introduced 

a  mechanical  agent,  it  is  indispensably  into  that  treatise,  not  because  it  owes 

necessary  lliat  the  air  be  removed  from  its  oriirinal  mechanical  efticacy  to  the 

the  other  side  of  the  body  on  which  this  pneumatical  principle   of  atmospheric 

weight  or  pressure  is  designed  to  act.  pressure,  Imt  because  this  principle  is 

RecuiTing  to  the  example  of  apij^ton  in  involved  in  the  detail  of  its  operation. 

a  cylinder,  it  is  necessary  to  remove  the  In  this  machine,  the  first  mover  is  the 

Jiirfrom  one  side  of  the  ])iston  before  power,  whatever  it  be,  which  works  the 

its  weiicht  or  pressure  can  take  effect  piston.    This  power,  at  the  commence- 

upon  the  other  side.     Now  if  this  re-  ment  of  the  operation,  produces  a  rare- 

moval,  as  is  otHen  the  case,  be  ettected  faction  in  the  space  between  the  piston 

by  mechanical  means,   it  must,  on  the  and  the  surface  of  the  water  in  the  well, 

slightest  consideration,  be  quite  appa-  The  weight  of  the  atmosphere   acting 

rent  that  it  will  require  exactly  as  much  upon  the  external  surface  of  the  water 

force  to  remove  the  air  from  one  side  in  the  well  forces  into  the  pump- barrel 

of  the  piston,  as  will  be  subsequently  just  so  much  water  as  the  power  applied 

gained  by  the  pressure  of  the  atmos-  to  the  pump-rod  would  have  been  ca- 

phere  on  the  other  side.     Suppose,  for  pable   of  hfting,   were  it   immediately 

example,  that  from  two  feet  in  length  applied  to  that  purpose.    Tliis  appears 

of  the  cylinder  below  the  piston,  the  air  very    evident    from    the    investigation 

which  it  originally  contained  be  with-  contained  in  Art.  42.  Pneumatics. 

drawn  by  mechanical  force.    To  effect  What  we  have  observed  of  the  suc- 

this  will  require  a  force  of  at  least  lolbs.  tion-pump  may  be  applied  in  geneiiU  to 

for  eveiy  square  inch  in  the  section  of  all  cases  where  the  atmosjiheric  pres- 

*4he  cylinder,  acting  through  the   space  sure  receives  its  efficacy  from  mecha- 

*f  two  feet,  and  atler  it  has  been  effected  nical  rarefaction.    Strictly  sj>eaking,  we 

the  piston  will  be  forced  into  the  vacuum  cannot  consider  the  atmospheric  pres- 

with  exactly  the  same  force.  sure  as  a  first  mover  at  all ;  the  first 

It  appears,  therefore,  that  in  order  mover  is  the  cause,  whatever  it  be, 

to  render  the  atmospheric  pressure  an  whether  mechanical  or  otherwise,  wliich 

available  mechanical  agent,  a  vacuum,  produces  the  rarefaction. 

or  a  partial  vacuum,  must  always  be  (55.)   By  that  quahty  called  inertia, 

produced ;    and  f urther,  that  if  this  air»  when  in  motion,  cxcxts  a  force  upon 
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any  solid   body,  which   obstructs  its  at  the  beginninfif  of  motion,  but  his  cal- 

course.   (Pneumatics,  Art.  9.)    This  dilation  proceeded  on  the  supposition, 

force  is  used  as  a  first  mover,  by  means  that  the  wind  struck  the  sail  at  rest^ 

analo^us  to  water-wheels,  viz.  by  flat  and  was,  therefore,  inapplicable  to  the 

surfaces  exposed  to  the  impact  of  the  continuance  of  its  action. 

wind,  by  that  impact  made  to  revolve  When  the  wind  acts  upon  the  sail  in 

on  a  centre.   When  this  rotatory  motion  motion,  it  is  necessary  to  take  into  ac- 

is  once  produced,  it  may  be  easily  trans-  count  the  velocities   both  of  the  sail 

mitted,  and  modiiied  by  machinery,  and  and  the  wind.     For  if  the  sail  moved 

applied  to  any  required  pur^iose.  l)efore  the  wind  with  a  s])eed  equal  to 

If  the  sails   of  a  windmill  be  con-  that  of  the  wind  itself,  no  effect  would 

stnicted  in  a  manner  analogous  to  the  be  produced.    The  effect  will  depend 

float-boards    of   an   undershot- water-  on  the  dittcrence  of  the  velocities,  that 

wheel,  the  plane  of  tlie  wheel  must  be  beinc:  the  velocity  with  which  the  wind 

in  the  direction  of  the  wind  ;  and  it  is  strikes  the  sail.     Now  as  the  obliquity 

evident  that  one  half  of  the  wheel  must  of  the  sail  to  the  wind  .should  depend 

be  sheltered  from  the  action  of  the  wind,  on  the  force  with  which  the  wind  acts 

for  otherwise  eciual  forces  would  tend  upon  it,  and  as  those  parts  of  the  sail 

to  turn  the  wheel  in  opposite  directions,  which  are  nearer  to  the  centre  of  motion 

and  no  motion  would  ensue.     Besides  move  more  slowly  than  those  which  are 

this,  the  wind  would  act  with  very  little  more  remote,  it  follows  that  the  posi- 

advantas^e  on  those  sails  whose  planes  tion  of  the  sail  should  vary  at  different 

are  nearly  in  its  own  direction.     For  distances  from  the  centre  of  rotation. 

this  reason  windmills  of  this  construe-  From  several  experiments  executed  on 

lion  are   not  generally  used.      On  the  a  large  scale,  Mr.  Smeaton  concluded 

other  hand,  the  arms  which  cany  the  the  following  positions  to  be  among  the 

sails  revolve  in  a  plane  facing  the  wind,  best.*     Let  the  radius  be  conceived  to 

In  this  arrangement,  if  the  sails  were  in  be  divided  into  six  equal  parts,  and  let 

the  same  plane  with  the  arms,  the  wind  the  first  part,  beginning  from  the  centre, 

would  fall  i>eriiendicularly  upon  them,  be  called  1  ;  the  second  2,  and  so  on ; 

and  merely  press  the  arms  against  the  the  extreme  part  being  6. 
building  jwrpendicular  to  the  plane  in 
which  they  are  designed  to  move.  If, 
on  the  other  hand,  the  sails  were  per- 
pendicular to  the  plane  in  which  the 
arms  move,  their  edges  would  be  i)re- 
sented  to  the  wind,  and  would,  there- 
fore, offer  no  resistance,  and  there 
would  l)e  no  motion.  In  order  to 
make  the  arms  revolve,  the  sails  must, 

therefore,  be  placed  in  some  direction  (56.)  The  last  property,  in  virtue  of 

mtermediate  between  those  of  the  wind  which  we  have  stated  that  air  becomes  a 

and  the  plane   in  which  the  arms  re-  mechanical  agent,  is  its  f'/rw/iW/v.    The 

volve.  nature  of  this  property,  and  the  laws 

The  most  accurate  experimentalists  by  which  it  acts,  have  already  been  ex- 
and  the  most  profound  mathematicians  plained  in  our  treatise  on  Pneumatics, 
have  instituted  inquiries,  practical  and  Chap.  IV.  When  this  property  is  con- 
theoretical,  to  determine  that  position  sidered  as  a  mechanical  agent,  it  is 
which  should  be  given  to  sails  of  wind-  subject  to  nearly  the  same  obscr\'ation9 
mills,  in  order  to  produce  the  best  as  we  have  already  applied  to  the  weight 
effect.  Most  of  the  theoretical  calcula-  and  pressure  of  the  atmosphere.  To 
tions  on  this  difficult  subject  have  been  privc  effect  to  the  elastic  force  of  air,  it 
vitiated  by  conditions  and  hypotheses,  is  necessar}'  that  it  should  predominate 
which  are  inadmissible  in'  practice,  over  the  weight  of  the  atmosphere,  a 
The  angle  which  Parmt  and  others  pressure  to  which,  as  we  have  before 
deduced  from  mathematical  calculation  stated,  all  bodies  in  their  ordinary  state 
to  be  the  best  at  which  the  planes  of . 

the  sails  COldd  be  inclined  to  the  axis  of  ,  ^^^     ^^^^^  resemblance  t^hich  th«  be,t  form  of 

motion    or   the   direction   Ot     Ine    wind,  wimlniill    ^ails  l>eapt  to  the  arranRpmem  of    thn 

•was   found   to   be   one   of  the    worst  in  feaihor*  in  ih.*  Winy^  of  birds  it  Tery  utriking,  and 

■mr     c          «.      «         -^  • ^-v.-*-       TU>v  •«,^.,:  one  of  those  beantiful  instances  of  the  truly  math** 

Mr.  hmeaton  S  expenmentS.      l  ne  pOSl-  ^.jip^i  principle*  on  which  the  worki  of  the  enaUoa 

tion  determined  by  Parent^  was  the  best  are  coiutractea. 
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are  sulgect.  If  increased  elasticity  be 
communicated  to  air  by  mechanical 
means,  it  must  be  by  compression  or 
condensation.  It  is  evident,  that  in  this 
case,  no  power  whatever  will  be  gained, 
in  as  much  as  it  will  recpiire  exactly  as 
much  power  to  produce  a  cpvon  dei^i^ee 
of  condensation  in  a  triven  quantity  of 
air,  as  is  eaual  to  the  increased  elasti- 
city with  w-Jiich  that  condensed  air  will 
be  endued.  However,  in  this  case,  as 
in  that  of  the  ordinary'  use  of  atmos- 
pheric pressure,  althouijh  no  power  be 
gained  by  mechanical  condensation,  yet 
considerable  advantage  may  l)e  derived 
from  this  as  a  method  of  transmuting 
one  power  into  another,  and  as  means 
of  accumulating  the  effects  of  a  small 
intermitting  power,  so  as  to  convert  it 
into  a  severe  or  continued  pressure. 

We  have  already  seen  an  instance  of 
this  in  the  air-pjun.  (Pnetmatics. 
Art.  5-2.)  If  we  attempted,  by  mere 
manual  force,  to  projeitt  a  bullet,  we 
should  find  oiu-  effoiis  attendeil  with  but 
a  small  effect ;  but  if  it  were  possible  to 
unite  in  one  impulse  the  conil)ined  force 
of  a  vitst  number  of  separate  impulses, 
we  should  produce  the  desired  effect. 
The  air-crun,  then,  is  nothing  more  than 
a  contrivance,  by  which  a  ejeat  Tuun])er 
of  separate  exertions  of  our  streni^h 
are  accumulated  and  combined,  and 
made  to  act  simultaneously.  The  pro- 
cess of  condensinjj  the  air  is  conduetod 
by  51  luunber  of  successive  muscular 
exertions  :  :ind  the  elastic  force  which 
the  condensed  air  thus  recti\es,  is  ex- 
actly e(iual  to  the  sum  of  these  seve- 
ral exeiiions  of  human  strength,  Jind 
m:iy,  therefore,  l>e  considered  as  a  ma- 
fifiizine  in  whicli  these  sejjarate  exertions 
are  contained  in  such  a  manner,  that 
their  combined  intensity  may  be,  at  any 
moment,  applied  to  the  ball  or  other 
missile  to  be  projected. 

In  this  instance,  the  object  to  be  at- 
tained is  the  production  of  a  severe  but 
instantaneous  effect.  The  elastic  pro- 
jH-'iiy  of  air  is  also  sometimes  used  to 
convert,  an  intermit tinuj  or  reciprocating 
action  into  a  cimtinued  and  uniform 
one.  The  fire-enj^ne,  described  in  our 
treatise  on  Pneimatics,  Art.  4s,  is  an 
insfunce  of  tiiis.  The  force  wliich  works 
the  pistons  is  intermittinji;  or  reciproca- 
ting;, while  the  pressure  of  the  condensed 
air  in  the  air-vessel,  produced  by  that 
intermittiniBf.  force,  is  continuous  in  its 
action.  Its  t^iital  action,  however,  must 
be  precisely  equal  to  the  sum  of  the 
forces  which  depress  the  pistons. 


The  force  of  condensed  air  may  be 
applied  to  produce  a  severe  and  conti- 
nued pressure,  on  a  principle  similar  to 
that  of  Bramah's  hydrostatic  press,  al- 
ready described.    Let  B  {Jig,  *26.)  be  & 


laj-jje  cylinder,  in  which  a  solid  piston 
or  pluni^er  moves  air-tiajht.  Let  D  E  be 
a  small  tulx',  having  a  stop-cock  at  G, 
and  tenninatod  in  a  screw  at  E.  Let 
C  be  a  stront:  metal  ball,  capal)ie  of 
bearing  an  intense  burst inc:  pressure, 
haviuu:  a  small  tube,  terminated  by  a 
screw  at  E,  by  which  it  may  be  con- 
nected occasionally  with  "the  tul)e 
D  E,  or  with  a  condenser,  CPneuua- 
Tics,  Art.  '^H,)  and  also  furnished  with  a 
stopcock  at  F. 

By  means  of  a  condenser  screwed 
upon  E,  the  stopcock  F  being  opened, 
let  air  be  forced  into  tlie  ball  C,  until  it 
presses  against  the  cock  F,  when  closed, 
with  a  force  of  nunc  than  one  ton.  The 
condenser  beinir  then  removed  from  E, 
the  air  cannot  escape,  the  cock  F  l»eing 
cIoschI.  Let  the  ball  and  tube  OFE 
be  then  screwed  upon  tlie  tulH»  DE, 
and  the  cocks  F  and  G  both  opemtl. 
The  condensed  air  will  expanil  llirouch 
the  tube  I),  and  fill  the  pai-t  of  the 
cylinder  below  the  piston.  If,  afier 
this  expansion,  the  elastic  force  of  the 
compressed  air  is  such  that  it  would 
])ress  on  thi;  stopcocks  with  a  force 
exctjeding  that  of  the  atmosphere  by 
one  ton,  there  will  be  an  effective  pres- 
sure against  the  piston  A,  of  as  many 
tons  as  the  numl)er  of  times  that  the 
section  of  the  tube  I)  is  contained  in 
that  of  the  piston.  Suppose  the  sec^ 
tion  of  the  tube  to  be  a  quarter  of 
an  inch  in  diameter,  and  the  piston  to 
be  one  foot,  the  pressure  on  the  piston 
will  then  be  equal  to  2304  tons. 

In  this  case,  like  all  the  former,  air 
is  only  used  as  a  convenient  means  of 
accumulating  mechanical  force;  and 
ought  not,  properly  speaking,  to  be 
looked  upon  as  the  prime  mover.  As  in 
using  the  weiglit  or  pressiu-e  of  the  at- 
mosphere, we  consider  that  cause,  what- 
ever it  be,  that  produces  the  vacuum,  or 
the  rarefaction,  to  be  properly  the  prime 
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moTer,  so  also  in  using  Ihe  elastic  force  mal  exertion.    There  is  a  certain  speed 

of  the  air  as  a  mechanical  agent,  we  at  which  the  animal  can  carry  no  load, 

consider  the  means  whereby  the  neces-  and  can  barely  move  its  own  body  ;  k't 

sar)'  degree  of  elasticity  is  imparted  to  this  speed  be  callecl  X.    There  is  some 

it,  whatever  those  means  may  l)e.  as  the  load  so  great  that  the  animal  can  barely 

real  prime  mover.     We  shall  see  liere-  sustain  it,  without  being  able  to  move 

therthat,  for  this  reason,  heat  assumes  it ;  call  this  load  L.  What  is  technically 

an  important  rank  in  the  class  of  first  called  the  vspful  effect  depends  on  two 

movers.  things — t he /o/irf  which  is  borne,  and  the 

speed  or  velocity  with  which  it  is  car- 

Chaptsr  VII.-O/  Animid  Strength.  "•"!•  .  T'""  "''?}•' ,''*""'*  j?"  ^^  '''1*1'  ^f' 

•^                         »  mated  bv  multiplymg  the  load  by  the 

(57.)  Onk  of  the  most  obvious,  and  spcetl.  This  willbe  easily  understood 
therefore  one  of  the  earliest,  although,  by  an  example.  Suppose  one  horse 
perhaps,  the  least  efficient  of  the  prime  carry  two  himdred  weijjht  six  miles  an 
movers,  i^  animal  strength.  hour,  and  another  carry  three  hundred 
PVom  our  ignorance  of  the  nature  weiijht  four  miles  an  hour.  The  load 
and  principle  of  animal  life,  it  is  evi-  of  the  fomier  is  two,  and  the  speed  six ; 
dent  that  we  cannot  attempt  to  explain,  the  product  or  useful  eifect  lx?ing  twelve, 
on  scientific  principles,  the  laws  which  The  load  of  the  latter  is  three,  and  the 
rejjfidate  animal  strength;  and,  on  the  speed  four;  the  useful  ettect  being 
other  hand,  owing  to  the  ver}' fluctuating  twelve.  The  propriety  of  considering 
nature  of  this  force,  the  various  physi-  the  useful  effect  to  be  equal  in  these 
cal  causes  which  produce  differences  in  two  cases,  will  appear  very  evidently, 
its  manifestations  in  different  indivi-  if  we  consider  both  horses  to  be  em- 
duals,  and  even  in  the  same  individual,  ployed  in  transporting:  weights  between 
at  distances  of  time  by  no  means  f^eat,  two  places,  distant  one  mile  asunder, 
consideral)le  difficidtics  obstruct  the  for  six  hours.  The  first  liorse  will 
inve<»tigation  and  development  of  these  cam'  in  the  six  liours  72  hundred 
laws  by  the  process  of  actual  observa-  weight  betwei'n  the  two  places,  for  he 
tion  and  experiment.  The  whole  ana-  will  nuike  thiriy-six  turns,  travelling 
lo;!y  of  natunr,  the  l)eautv,  order,  and  for  six  hours  at  six  miles  an  hour,  and 
singular  harmony  of  all  her  works,  at  each  turn  he  will  carry  two  hundred 
however,  convince  us  that  this  force,  like  weiirht.  The  other  horso  will  make  but 
every  other,  is  regulatctl  by  fixed  laws.  twenty-four  tums,  since  he  travels  only 

To   simplify   our    investiirations,  we  four  milos  nnhour;  but  thon,  in  each 

shall  consider  every  exertion  of  animal  turn,  he  will  cany  three  hundred  weight; 

strength  to  be  represented  by  that  which  and,  tluTcfore,  he  will  also   transport 

is  necessary  to  caiTy  a  load  or  weight,  in  the  givt»n   time   li'l  hundred  weight 

It  is   not  difficult  to  imagine  that,   in  between   the    two    places.       Thus  the 

whatever  way  strength  be  used,  we  can  useful  effects  of  these  horses  are  equal, 

find  a  certain  load  canied  with  a  cer-  and  hence  the  propriety  of  esthnating 

tain  speed,  which  may  be  considered  as  the  useful  eft'ect  by  the  product  of  the 

an  equivalent  exertion.  numbers  which  express  the  load  and 

In  estimating  the  exertion  of  animal  the  speed  with  which  that  load  is  canied, 

strensfth  in  this  way,  one  law  is  very  llecurrins:  now  to  the  load  L,  and  the 

tibvious,  which  is,  that  as  the  load  is  speed  X,  it  is  apparent  that,  with  the 

incrca,sed    (all  other  things   being  the  load  L,  the  useful  effect  is  nothing,  Ikj- 

same),  the  velocity  of  the  animal  must  cause  there  is   no   speed  ;  anil  again, 

necessarily  l)C  diminished.    But  then,  it  with  the  speed  X,  the  useful  eft'ect  is 

becomes  a  more  difficidt  mattei*  to  de-  notliing,  U'cause  there  is  no  load.    But 

terniine  in  what  proportion  tlie  velocity  with  a  load  less  than  L  tlieiv  will  be 

shcndd  \ye  diminished  with  a  given  in-  a  speed  less  than  X  ;    and  therefore, 

cre.ise  of  load,  in  order  that  the  expen-  there  will  V)e  an  useful  ettect.    These, 

diiure  of  animal  labour  should  be  the  then,  are  two  limiting  cases,  in  which 

same.     Ditterent   formulae  have  been  the  useful  eftect  vanishes,  approaching 

sufrsrested,  each  agreeing  more  or  less  which  it  diminishes,  a"^  at  some  point 

with  experience,  and  we  shall  here  at-  between  which  it  is  a  maximum.    To 

tempt  to  explain  in  a  popular  way  that  delerniine  where  this  maximum  lies,  it 

formula  which  seems  to  represent  the  is  necessary*  that  we  should  know  in 

results  of  exjieriments  most  accurately,  what  proportion  the  n«Voc\V^  disv^vsVv^ 

T7iCfe  ate  two  extreme  cases  of  am-  as  the  load  'iTVCceaa^, 
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Let  /  be  any  load  less  than  L,  and  let  square  of  15,  or  225,  represents  the 

X  be  tlie  greatest  speed  with  which  this  greatest  load  which  can  be  sustained 

load  can  be  carried.    The  useful  effect  without  moving.     The  signification  of 

will  l)e  /  X  J? ;  that  is,  the  load  multi-  the  units    which    compose    the   num- 

plied  by  the  speed.     The  rule  which  ber  15,  will  be  found,  by  dividing  the 

seems  best  to  ayjee  with  experience  is  space  through  which  the  animal  would 

tliat  tlie  load  /  increases  in  the  same  move  in  a  given  time,    suppose    one 

ratio  as  the  square  of  the  difference  hour,  into  15  equal  i>arts :  each  of  these 

between  the  greatest  velocity  X,  with  parts  will  be  expressed  by  an  unit  of 

wliich  the  animal  can  move  unloaded,  the  number  15,    which  expresses   the 

and  the  greatest  velocity  x  with  which  greatest  imloaded  speed  ;  and  the  signi- 

it  can  move  the  load ;  that  is,  /  increases  fication  of  the  units  of  225  will  be  found, 

as    (X  —  xy.      Assuming   this    rule,  by  dividinu:  the  greatest  load  which  can 

therefore,    it  follows,    that  the  useful  be  sustained  without  moving,  into  225 

effect    is  represented  by  the    product  equal  parts  :  one  of  these  parts  will  be 

(X  —  x)'^  X  X,      This  wul  probably  be  expressed  by  an   unit  of  the  number 

more  easily  understood  by  reducing  it  225,  which  expresses  the  greatest  load, 

to  an  arithmetical  table.     Let  us  sup-  The   following  Table    gives  for    each 

pose  that  the  number  15  represents  the  degree  of  speed  from  1  to  15,  the  cor- 

greatest  unloaded  speed,   and  that  the  responding  load  and  useful  effect 

Speed    -  -  -     0       1       2      3       4       5       6      7       8      0      10     11     12    13  14  15 

Load ....  ^25  19G  IGO  144  121   100    81     04     40     3G    25     IG      0      4     1     0 

Ui»eful  effect     0     19G  338  432  484  500  486  448  3»2  324  250  17G  108  52  14    0 

From  the  inspection  of  this  Table  it        Thiis,  if  the  greatest  iniloaded  speed 

appears  that    a    much  greater  useful  of  a  horse  be  15  miles  an  hour,    and 

effect  is  to  be  attained  by  the  slower  that  the  greatest  weight  which  he  is 

motions  with  heavier  loads  than  by  the  capable  of  sustaining  without  moving 

quicker  motions  with  lighter  loads.' The  be  divided   into   225   equal  parts,   his 

greatest  useful  effect  is  produced  by  tlie  labour  will  be    most    advantageously 

speed  5  with  the  load  1  CO;  that  is,  \vitli  employed  if  he  be  loaded  with  100  of 

a  velocity  which  is  one-third  of  the  these  parts,  and  travels  at  tlie  rate  of 

greatest-  unloaded   speed,   and  a  load  5  miles  per  hoiu*.     If  he  be  thus  em- 

"vvhich  is  four- ninths    of   the  greatest  i)loyed,   it  will  be  found  that    he  will 

load  which  can  be  sustained  without  cany  a  greater  weight  through  a  given 

moving.      We   shall   find    this  result,  distance  in  a  given  time  than  under  any 

whatever  be  the  number  we  take,   to  other  circumstances, 
represent  the  gieatest  speed.  *  The  average  value  of  human  strength, 

—  —  considered  as  a  mechanical  agent,  has 

•  The  inathfrnnti'-ai  inve.«tijf;itl(m  is  not  (lirii.uU.  bccn  variously  estimated.     Dcsainiliers 

I^et  u  bi' tho  usrful  rjfrr.t.    'i  lien   by  thr  i'iiii>iri«-il      ^^.-.i  :,l.«. ,  tU^*  « •       4i  •    i.* 

formnii  ain-aa/  ox-.-i'iin  •  1  «e  h.iv/«  =  ^x  i,r)^x.  considers  that  a  man  can  raise  the  weight 

Differeufatiinf  this  mc  t.btaiu  of  550lbs.  10  feet  high  in  a  minute,  and 

^  =  CX  -  X)*  -  2  (X-x>.  continue  to  do  so  for  G  hours.    Smeaton 

Bapposinfth-.s  =0  w«  shall  obt.iin  th.  value  of  t.  ^-Ousiders  that  this  is  too  high  an  avc- 

whioh  I'orrrsponds  fo  a  inaxininm  or  minimum  value      rage,    and  tlunks  that  six   good  English 

of«.   '^'^•^  8^>^jy ^•'/.^^  labourers    will    be    required    to    raise 

the  root*  of  which  are'  21,141   solid  foet  of   sea-water  to  the 

X  =  X       X  =— X.  height  of  four  feet  in  four  hours.     In 

For  T=X  the  load  and  useful  'effect  are  each  =0.      Jl^^"^  ^^J^^  ^^l^X  "^^^^  ^'^^'^""^  ^'^^y  lit<l«  ^Ore 
This  root,  therefore,  corresponds  to  a  minimum;  and      than  SIX  CUblC  fcct  of  fircsh  Watcr  Cach, 

for  *  =— X   /  =(X  --Lx)2  =i-X8;  that  is,     10  fcot  high  in  a  minute.    The  labour- 

the  load'corresiwaaing  ^*one-lhird"of  the  jfrealest      ^^^  whom  Smeaton  SUppOses  Capable  of 

•peed  is i of  the  greatest  load;  forL  =  x«.   That    <?xecuting  this  work  he  Considers  to  be 

this  i,   I  n,a.ir..m    i,  easily  shown  by  taking  the      ^^i"^^   ^^,  ^^^'^^^  ,*^\«,   "^^"^^^<^»*  ''^  ordinary 

•econd differential,  whirh  givea  men.     It  would,  therefore,  perhaps,  l)e 

<Pu 3  rx  -  x')  -  rx  -  3*')  *  ^'^^^  average  value  of  a  man's  work 

<**«  ~  "    ^       'J  -  t    -     J  i^  estimate  it,  for  a  continuance,  at  half 

=  ~  **  ^  +  ^'  an  hogshead  of  water  raised  through 

in  wkieh,  if  we  mbstitute  -  X  for  *,  we  find  3  Q  feet  in  a  minute. 

-iX  +  si=_2X,  The  efforts  of  men  differ  with  the 

which,  being  negative,  shows  that  the  yalue  -j-x    manner  in  which  these  efforts  are  em- 
-w^wponda  to  a  mftzimaan  raiae  of «.  ployed.    It  has  been  showQ  by  Mr.  R. 
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the  same  quantity  of 
employed  in  working  a 
a  winch,  ringing  a  1^11, 
)at,  are  as  tlie  numbers 
ind  248. 

Ivantageous  manner  of 
tt  strength  is  in  the  act 

ful  of  Quadrupeds,  as  a 
nt,  is  tne  horse.  The 
)f  the  labour  of  a  horse 
iriouslv  stated.  Some 
as  five  to  one,  some  six 
ne  seven  to  one.  Per- 
um  may  be  nearest  to 
;e,  and  that  we  may  ge- 
•  six  men  equivalent  to 

ivantas^cous  method  of 
^th  of  the  liorse  is  in  the 
The  worst  method  in 
nal  can  be  employed  is 
weight  up  a  steep  hill ; 
ler  hand,  the  pecuhardis- 
hmbs  of  a  man,  renders 
for  this  species  of  la- 
)een  observed  that  three 
,  hill,  loaded  witli  lOOlbs. 
2nd  witli  greater  speed 
canning  300lbs. 


[I. — On  the  Mechanical 
lepending  on  Heat. 

0  explain  the  several  ways 
i  rendered  subservient  to 
of  mechanical  agency,  it 
r)',  in  the  first  instance, 
abservations  on  its  pro- 
iicularly  those  properties 
at  ion  to  that  quahty  of 
y)he^ion.  The  necessity 
o  very  minute  details  on 
Dwever,  is  superseded  by 
heat,  to  which  we  refer 
)  desires  to  proceed  with 
^ond  the  general  view  of 
ill  give. 

^posed  to  exist  between 
of  matter,  whatever  be 
situation,  a  certain  mu- 
,  by  which,  if  it  be  un- 
ly  opposing  force,  they 
y  to  ai)proach  each  other, 
ther,  and  to  form  them- 
d  concrete  masses.  Heat^ 
apposed  to  be  a  subtle 
istic  lluid,  \Nhich  trans- 
ough  the  dimensions  of 
ater  or  less  degree,  and 
elasticity  has  a  tendency 


to  force  the  particles  asunder.  What- 
ever be  the  nature  of  heat,  however,  and 
whether  it  be  material  or  not,  it  is  an 
undisputed  fact,  that  it  is  a  cause,  which 
produces  an  effect  exactly  opposite  to 
the  effects  of  cohesion,  and  that,  in  pro- 
portion as  it  pervades  any  body,  it  gives 
tlie  particles  of  that  body  a  tendency  to 
repel  each  other  and  fly  asunder,  which 
tendency^  in  some  cases,  prevails  over 
the  cohesive  force  and  actuaUy  produces 
that  effect. 

When  we  And  a  body  in  the  solid 
state,  we  therefore  conclude,  that  the 
cohesive  force  by  which  its  particles  at- 
tract each  other  greatly  predominates 
over  the  repulsive  energy  of  the  caloric 
which  may  pervade  its  cumensions,  and 
that,  consequently,  the  particles  cohere 
with  a  force  equal  to  the  difference 
between  these  cohesive  and  repulsive 
forces.  If,  then,  by  the  external  appli- 
cation of  fire,  we  transfuse  through 
the  dimensions  of  the  body  an  increased 
ciuantity  of  heat,  we  naturally  expect 
that,  the  repulsive  effect  of  the  caJoric 
being  increased,  the  particles  which 
compose  the  body  will  be  more  sepa- 
ratied,  and  will  retii-e  from  each  other 
to  increased  distances,  so  as  to  eidarge 
the  dimensions  of  the  body. 

This  effect  we  find  actually  to  obtain ; 
for  if  a  cylindrical  bar  of  metal,  C  D, 
be  gauged  by  means  of  a  flat  piece 
of  metal  b,  {fig,  27.)  fimiished  with  a 
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circular  hole,  in  which  the  bar  exactly 
passes,  and  having  a  notch  in  its  side, 
corresponding  to  the  length  of  the  bar, 
it  will  l)e  found  that,  after  the  bar  is 
heated,  its  length  and  thickness  will 
be  so  much  increased  that  it  will  no 
longer  fit  in  the  notch,  nor  pass  through 
the  circular  aperture. 

In  general,  when  heat  is  communi- 
cated to  solids,  their  bulk  is  increased 
fiom  the  cause  wliich  we  have  assigned  ; 
but  this  effect  is  more  perceivable  in 
metals  than  other  solids. 

This  effect  of  heat,  however,  is  not 
confined  to  solids,  but  is  observable  in 
liquids,  and  still  more  in  aeriform  sub- 
stances. The  thermometer  is  an  in- 
strument in  which  the  expansion  of  a 
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fluid  by  heat  is  used  as  an  indication,  rim,  is  put  on  hot,  snd  made  to  fit  the 

or  measure,  of  the  dc^ee  of  heat  to  vvheel  or  the  ban-el  exactly,  and  being 

which  the   instrument  is  exposed  (see  then  cooled,  it  contracts  and  bindti  tiie 

Hkat,  Chap.  lY.),  and  the  nuid  which  parts  of  the  wheel  or  the  barrel  together 

is  used  in  tliermometers  may  be  either  with  immense  force, 
liquid  or  aeriform,  although  most  fire*        It  is  e\'ident,  however,  tliat   these 

quently  the  former.  forces  of  expansion  and  contraction  of 

(59.)  Bodies  whether  sohd,  liquid,  or  bodies  by  heat  and  cold,  act  through 

aerifoiTU,  exert  a  certain  degree  of  me-  spaces  so    limited  that   they  can    be 

chanical  force,  in  the  process  of  enlarg-  used  as   mechanical  agents  but  very 

ing  their  dimensions,  on  receiving  an  ac-  rarely,    and    under    peculiar    circum- 

cession  of  heat ;  and  any  obstacle  which  stances. 

opposes  this  enlargement  sustains  an  (60.)  Heat  is  productive  of  mechanical 
equivalent  pressure.  This  force  is  fi-e-  agents  of  much  greater  power,  by  the 
quently  used  as  a  mechanical  agent,  and  influence  which  it  has  upon  tlie  form  of 
has  tliis  to  recommend  it,  that  it  may  bodies,  than  by  its  power  of  enlarging 
be  produced  to  almost  any  degree  of  their  dimensions.  We  have  stated  that, 
intensity,  without  the  expenditure  of  in  a  solid  body,  the  cohesive  force  of 
any  other  mechanical  force  in  its  pro-  tJie  particles  predominates  over  the  re- 
duction. In  this  respect  it  has  the-  pulsive  influence  of  the  caloric  which 
advantage  over  the  mechanical  agency  pervades  its  dimensions.  Supposing 
of  air,  arising  from  its  pressure  and  con-  the  cohesive  force  to  continue  unin- 
densation,  (  53,  54.)  creased,  what  will  be  the  effect  if  we 

A  remarkable  instance  of  the  use  of  transfuse  tln-ough  its  dimensions,  by  tlie 

the  power  with  which  solids  expand  by  aj)plicationof  fire,suchan  abundant  por- 

heat,  occurred  in  Paris  some  years  since,  tion  of  caloric  that  the  rej)ulsive  force 

in  a  method  which  was  used  to  force  of  it  will  become  equal,  or  nearly  equal, 

together  the  walls  of  a  galleiy  in  the  to  the  cohesive  force  of  the  particles? 

Abbey  of  iSf,  Martin,  now  the  Comer-  We  should  eviilently  antieij)ate  that  the 

vatoire  das  Arts  et  Mtticrs,   The  weiirht  particles,  having  no  tendency,  or  very 

of  the  roof  was  forcing  the  walls  of  this  little,  to  cohere,  they  would  move  freely 

budding   asunder,   and   they  were  re-  among  each  other,  and  fall  asunder  by 

stored  to  their  per])endicular  position  their  own  weight,  unless  they  were  pre- 

by  the  following  method : — Holes  were  vented  by  the  sides  of  the  vessel  which, 

made  at  opposite  points,  in  several  parts  might  contain  them  ;  in  fact,  we  should 

of  the  walls,  through  which  strong  iron  predict  that,  by  the  application  of  such 

bars  were  introduced,  so  as  to  extend  a  quantity  of  heat,  as  we  have  supposed, 

across  the  building,  and  so  that  their  the  solid  would  become  a  liquid.    And 

extremities    should  extend  beyond  the  such  we  find  to  be  the  case:    solids 

walls.    Large  nuts  were  placed  upon  liquefy  by   exposure    for   a   sufficient 

their  ends,  and  screwed  up  so  as   to  time  to  the  action  of  fire. 
press  upon  the  walls.     Eveiy  alternate        It  would  appear,  therefore,  that  the 

bar  was  then  heated  by  powerful  lamps,  sohd  and  licjuid  forms  in  which  we  find 

so  tliat  its  length  increased  by  expan-  bodies,  are  maintained  by  the  propor- 

sion,  and  the  nuts,  before  in  close  con-  tion  which  subsists  between  the  force  of 

tact  with  the  walls,  retired  to  some  dis-  cohesion  peculiar  to  the  particles,  and 

tance  firom  them.    The  nuts  were  then  the  repulsive  force  of  the  cidoric  which 

screwed  up  to  the  walls,  and  the  bars  pervades  them,  the  fonner  gi-eatly  pre- 

cooled.     The  process    of  cooling  re-  dominating  in  solids,  and  these  forces 

stored  the  length  of  the  bars  to  what  it  being  nearly  in  equili])rium  in  liquids. 
had  been  before  the  heat  had  been  ap-        We  accordingly  find,  by  exiwrience, 

Elied,  and  Uie  nuts  were  drawn  together  that  if  a  sufficient  portion  of  heat  l)e 

yanirresistibleforce.  and  consequently  withdrawn  fn)m   a  liquid  it   becomes 

the  walls  drawn  towards  each  other.  The  solid,  the  cohesive  force  of  its  particles 

same  process  being  repeated  with  the  receiving  a  sufficient  predominance  over 

intermediate  bars,  and  this  being  con-  the  rei)idsive  force  of  the  caloric,  by  di- 

tinued,  the  walls  of  the  building  were  minishing  the  quantity  of  the  latter, 
gradually  restored  to  tlieir  peri)endicular        (61.)  This,  however,  is  not  the  only, 

position.  nor  the  most  important,  change  of  forin 

In  the  processes  of  shoeing  wheels,  in  bodies,  which  depends  on  the  propor- 

sni*  hooping  barrels,  the  same  force  is  tion  whigh  subsists  between  these  two 

nwd  uiechaaically.    The  iruu  hoop,  or  ioroesr 
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In  a  liquid,  as  we  have  already  ex-  are  bound  together  and  retained  in  a 

plained,  the  repulsive  energy  of  the  ca-  state  of  liquidity.    In  proof  of  tliis,  we 

ioric  nearlj^  balances  the  cohesive  force  have  only  to  remove  tlie  atmospheric 

of  the  particles.    Now,  if  we  increase  pressure,  and  many  bodies  whicn  are 

the  Quantity  of  caloric  considerably,  its  now  held    in  the  liquid  state,  by  the 

repulsive  effect  will  predominate  over  mechanical  action  of  tliat  pressure,  will 

tlie  cohesive  attraction  of  the  particles  ;  evaporate. 

and  instead  of  being  nearly  in  a  state  of       Let  water  at  180°  of  temperature,  or 

indifference  as  to  mutual  attraction,  we  alcohol,  or  ether,  be  placed  under  the 

may  expect  to  find  that  they  strongly  receiver  of  an  air-pump,  and  they  will 

repel  each  other,  and  that  the  liquid  boil  and  evaporate    on    removing    or 

will  assume  a  form  in  which  it  will  be  rather  diminishing,  by  rarefaction,  the 

necessary  that  it  should  be  closely  con<  pressure  of  the  air  on  tlicir  surfaces, 

fined  in  onler  to  prevent  its  total  dissi-  Indeed,  etlier  will  evaporate  if  exposed 

pation  by  the  dispersion  of  the  particles  to  the  atmosphere  williout  any  diminu- 

owing  to  this  repulsive  effect.  tion  uf  press lu'e. 

Accordingly  we  find  that  if  a  liquid  On  tlie  other  hand,  it  would  follow 
be  exposed  for  a  considerable  time  to  from  this  theory,  that  it*  the  pressure  be 
tlie  action  of  fire,  it  will  be  i|a*adually  increased,  the  evaporation  will  be  re- 
converted into  steam  ;  a  fluid  totally  sisted  bv  it ;  and  such,  in  fact,  we  find 
differing  in  its  mechanical  character  to  be  the  case.  Water  under  the  at- 
from  a  liquid.  If  the  liquid  be  inclosed  mospheric  pressure,  when  the  biu'ometer 
in  any  \essel,  it  will  press  with  no  other  is  at  30  inches,  will  boil  and  vaporize 
force  upon  the  surface  which  confines  at  212^  of  Falirenheit's  thermometer; 
it,  than  witli  those  ])ressui-es  which  lu'e  but  if  the  same  water  be  submitted  to 
pnKluced  by  its  weight ;  but  when  the  hiereased  pressure,  it  will  not  boil  or 
same  hquid  is  conveHed  into  vaiK)ur  evaporate  until  it  has  reached  much 
and  coniined  in  a  close  vessel,  it  will  higlier  temperatures. 
press  on  tlie  confining  surface  with  its  If  a  sufiicient  quantity  of  heat  be 
elastic  force,  which  is  quite  independent  withdrawn  from  the  vapour  wliich  has 
of  its  s^'avity,  and  arises  from  the  effort  beiMi  raised  from  a  liciuid,  it  will  be  re- 
which  its  particles  exert  to  repel  eacli  stored  again  to  its  li(|uid  form  ;  and  it 
other;  and  which,  therefore,  exert  a  is  a  \er>' important  tact,  liiat,  in  this 
bursting  pressure  on  the  inner  sm'face  case,  its  bulk  is  reihiccd  in  a  very  high 
of  the  vessel  which  contains  it.  ratio.     A  cubic  inch   of  water,    »vhen 

The  degree  of  elasticity  or  the  pres-  converted    into    steam    at    the    usual 

surt?  which  confined  steam  exerts  upon  atmosi)heric  pressure,  will  form  a  cubic 

the  surface  of  the  vessel  which  contains  foot  of  steam  ;  and  it  follows,  therefore, 

it,   will,  acconling  to    our  theory,  and  that  if  the  caloric  Ixj  withdrawn  from  a 

which  is    confirmed  by  experience,  in-  cubic  foot  of  such  steam,  by  application 

crease  with  the  heat  which  is  communi-  of  cold  bodies,  or  otherwise,  it  will  be 

cated  to  the  steam ;  and,  on  the  other  reconverted  into  a  cubic  inch  of  water, 

hand,  according  as  the  temperature  of  Now  this  property  is  rendered  subser- 

\he  steam  is  lowered,  the  elastic  pres-  vient  to  the  production  of  a  very  im- 

sure  will  be  proportionally  diminished.  portant  mechanical  agent.     If  a  cubic 

The  evaporation  of  liquids,  however,  foot  of  steam  be  inclosed  in  a  vessel, 

is  effected  by  a  force,  whose  efiects  are  and  that  the  vessel  be  cooled  until  the 

not  sensible  in  the  Uquefaction  of  solids,  steam  be  cvndenned  or  reconveried  into 

The  atmospheric  pressure  has  an  efi'eitt  water,  we  shall  have  1727  cubic  inches 

in  binding  together  the  pjuiicJes   of  a  of  empty   space   or  vacuum  ;   for  the 

liquid;    and,  tlierefore,  conspires  with  steam,  vvliich,  before  condensation,  filled 

the   cohesive    force    in    opposing   the  a  cubic  foot,  or  1728  cubic  inches,  will, 

efiects  of  the  caloric.    When  the  caloric  after  condensation,  be  reduced  to  one 

has  been  communicated  to  a  body  in  cubic  inch,  leaving  1727  cubic  inches 

such  a  quantity  as  to  form  a  balance  void  of  any  material  substance. 
for  the  cohesive  force ;    tlie  body,  ac-        The  condensation  of  vapour,  or  its 

cording  to  our  theor^%  ought  to  be  in  reconversion  into  tlie   litjuid  state,   is 

a  state  in  which  tlic  slightest  increase  of  thus  rendered  an   easy  and    effectual 

caloric  would  convert  it  into  an  elastic  metliod  of  producing  a  vacuum,  and  is 

vapour.      Under   these  circumstances,  free  fioni  the  objections  to  the  mechani- 

however,  the  atmospheric  pressure  op-  iral  method  of    producim;    the    same 

poses  tlie  change,  and  is  the  means,  ami  effect  alluded  to  hi  Cliap.  VI.,  inasmuch 

the  only  means,  by  which  the  pailicles  as  a  vacuum  may  thus  be  qUVaasiK)^ 
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▼rithour  the  expenditure  of  any  me-  limited  space :  whereas  the  elastic  force 

chanical  force.  of  steam  *'  hath  no  other  bounder  than 

Tlids  was  the   principle  from  which  tlie  strength  of  the  vessels  which  con- 

the  eiu*lier  stcam-cniriues  derived  their  tain  it." 

efficacy.    In  the  engine  constructed  by        In  modem  times,  the  improved  steam- 

Savery,   about  tlie  year  1 700,  the  at-  engines,  commonly  called  low  pressure 

mospheric  pressure  was  used  for  eleva-  engines^  employ  both    the  powers    of 

ting  water  into  a  tube,  in  which  a  va-  steam  which  we  have  mentioned.     A 

cuum  was  produced  by  first   blowing  piston  is  moved  in  a  cylinder,  and  the 

tlie  air  out  by  means  of  hot  steam  ;  and  elastic  force  of  steam  acts  on  one  side 

when  the  tube  was  tilled  with  i)ure  steam,  of  it,  while  a  vacuum  is  produced  by 

and  tlie  air  had  been  completely  expelled  the  condensation  of  steam  on  the  other 

tlirough  a  valve  which  opened  outwards,  side,  and  tlius    the    piston   is    urged 

♦he  steam  was  condensed  by  cooling  the  fonvard. 

external   surface   of  the    vessel  which        In  high  pressure  engines,  the  elastic 

contained  it     A  vacuum  was  thus  pro-  force  of  steam  is  used  to  urge  a  piston 

duced,  into  which  the  air  was  prevented  against   the   atmospheric   pressiu^   on 

from  entering,  by  the  circumstance  of  the  opposite  side.    The  advantage  which 

the  valve  opening  outwards ;   and,  con-  this  has  over  the  low  pressure  engine 

sequently,  the  pressure  of  the  atmos-  is,  that  all  the  .apparatus  for  condensing 

phere  on  the  surface  of  the  water  in  the  steam,  in  order  to  produce  a  vacu- 

the  well  or  reservoir,  forced  it  up  into  um,  is  dispensed  with,  and  the  macrhine 

the  vessel  or  tube.  is   consequently  cheaper   and    lighter. 

Shortly  after  this,   Newcomen  used  On  the  other  hand,  it  is  attended  with 

the  same  means  of  producing  a  vacuum  the  disadvantage,   that  all   the  elastic 

in  his    atmospheric  steam-engine,  but  force  of  the  steam  which  is  expended 

availed    himself    of   the    atmospheric  in  balancing  the  atmospheric  pressure 

pressure  in  anotlier  way.    He  provided  is   lost,   since  that  pressure   must  lie 

a  cylinder  and  a  piston  moving  steam-  overcome  before  motion  is  produced; 

tight  in  it    He  connected  the  piston  and,  consequently,  it  l)ecomes  necessary 

rod  witli  the  end  of  a  great  beam  turn-  to  use  steam  of  a  ver\'  high  temi)erature 

ing  on  a  centre,  the  otner  end  of  which  and  pressure  in  these  engnies,  which 

was  cc/nnected  with  pump-rods,  which  increases  the  expense  of  fuel,  and  ren 

he  proposed  to  work.    The  weight  of  ders  the  operation  more  dangerous, 
the  pump-rods  was  sufficient  to  draw        Having  once  obtained,  in  any  of  the 

the  piston  to  the  top  of  the  cylinder,  ways    which  we   have  mentioned,  the 

He  men  filled  tlie  cylinder  with  steam,  power  of  moving  a  piston  in  a  cylinder, 

by    which    the    air    was    blown    out.  it  will  be  no  difficult  matter  to  apply 

Upon  cooling  the  cylinder,  the   steam  that  power  by  a  working-beam,  or  va- 

was    condensed,   and    a  vacuum  was  rious  other  ways,  to    any   mechanical 

produced  beneath  the  piston  ;  and,  con-  purpose. 

sequently,    the    atmospheric    pressure  

taking  effect   above  it,  forced  it  down 

and  dre^'  up  the  pump-rod  at  the  op-  In  this  First  Treatise,  we  have  merely 
posite  end  of  the  beam,  and  so  the  pro-  attempted  to  give  the  reader  a  suc- 
cess was  continued.  cinct  account  of  the  most  important 

In  this  case,  the  direct  or  elastic  force  properties  of  motion    and  force,   and 

of  steam  was  not  employed,  the  atmos-  to  offer  a  rapid  sketch  of  the  principal 

pheric    pressure    being    tlie    effective  mechanical    agents,  or    first    movers, 

agent,     but    receiving     its     efficiency  Our    design    being    that  the    treatise 

from    the    vacuum    produced    by  the  should  be  adapted  for  the  more  popu- 

condensation    of  tlie    steam.      At    a  lar  purposes,  we  have  not  entered  into 

much     earlier    period,     however,    the  any  mathematical  details  on  the  subject ; 

mechanical   agency  of    steam,   arising  and  in  the  same  popular  form,  we  pro- 

from  its  elasticity,  was  suggested  as  a  pose,  in  the  Second  Treatise,  to  give 

power,   whose  extent  was  almost  un-  an   account  of  the  Elements  of  Ma- 

limited.     lu  1663,  the  then  Majiqukss  chinery,  or  the  means  whereby  the  na- 

OF  WoRCKSTKR  asscrts  that  he  con-  tural  powers  which  we  have  explained 

structed  a  machine  which  raised  a  great  here,   may  be  rendered    available   for 

quantity  of  watei-    to   a    considerable  mechanical  purposes.     In  tliat  treatise, 

height,  and  which  was  more  powerful  the  mechanic     powers  will  hold    a 

than  tlie  atmospheric    pressure,  inas-  prominent  part 
much  as  this  could  only  act  through  a  . 
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TREATISE    II. 

ELEMENTS  OF  MACHINERY. 

Craptxr    I. — Maehinet— Power    and  resistance  or  of  exerting  a  force  ujxm 

wrigki-^Principle  of  virtual  veloci-  the  body  to  be  moved  of  a  different  in* 

tie^-^imple  Machtnee  or  Mechanic  /«i«/y,  and  frequently  of  a  much  greater 

Powere,  intensity. 

(3.)  In  order  to  simplify  the  develop* 

(1.)  Nature  has  placed  at  the  disposal  ment  of  the  nature  and  properties  of 

of  man   various    mechanical    agents.  Machinery,  we  shall  consider  the  mov- 

endued  with  different  kinds  and  degrees '  ing  power,  as  well  as  the  resistance  to  be 

of  power.    The  weight  of  solid  bodies,  overcome,  as  represented  by  equivalent 

ana  thenr  momentum  when  in  motion ;  weights ;  that  weight  which  is  taken  to 

the  wdght  and  pressure  of  liquids ;  the  represent  the  moving  force  being  techni* 

weight  and  pressure  of  air  and  other  cailly  called  the  power,  and  that  which 

eases:  the  elastic  force  of  vapour  raised  represents  the  resistance  bein^  called 

from  liquids  by  heat;  the  elasticity  of  the  weight.    It  is  easy  to  conceive  tha^ 

springs,  and  the  muscular  strengtn  of  whatever  species  of  force  the  moving 

animals,  furnish  striking  examples.   In  power    ana   the   resistance    may   be, 

apidying  these  forces  to  overcome  resis-  weights  equivalent  to  them  can  be  as- 

tanoes,  or  to  communicate  motion  to  signed.    Ttius,  if  the  moving  power  be 

IxxKes,  it  seldom  happens  that,  without  the  elastic  force  of  steun  pressmg  upon 

smne  previous  modincation,  they  are  a  piston,  we  familiarly  say  tiiat  the  pres- 

capAble  of  aocomp^hing  the  end  we  sure  amounts  to  so  many  pounds  per 

desfre  to  attain.    The  power  which  we  square  inch,  meaning  that  it  produces 

may  happen  to  have  at  our  disposal  the  same  efSsct  in  forcine^  the  piston 

may  not  act  in  the  proper  direction,  or  through    the   cylinder    as    a    weight 

may  not  have  that  velocity  or  intensity  of    so  many  pounds  laid   upon  the 

which  suiU  our  purpose;  and  some  con-  piston  would  produce.    Aeain,  if  the 

triranoe  must  oe  found  by  which,  in  resistance  be  that  which  timber  offers  to 

transmitting  it  to  the  working  point,  its  the  wedge  which  spUts  it,  there  is  no 

direction,  velocity,  or  intensity,  may  be  difficulty  in  conceiving  a  weight  acting 

regulated  in  such  a  manner  as  to  be  against  the  wedge  so   as  to  offer  an 

suitable  to  tiie  puipose  to  which  it  is  to  equal  resistance.     We  shall  therefore 

be  applied.    Such  a  contrivance  is  called  henceforward  express  the  moving  power 

a  Machine,  and  the  resistance  to   be    overcome; 

(2.)  Notwithstanding  the  infinite  va-  whatever  be  their  nature,  by  the  terms 

riety  of  ways  in  which  machinery  is  power  and  weight. 
employed,  and  the  great  diversity  of       (4.)  In  transmitting  the  influence  of 

eaaa  which  it  appears  to  attain,  yet  it  \hepower  to  the  weittht  through  the  in- 

wiU   be   found   that   every   machine,  torvention  of  a  madnine,  it  has  various 

wheUier  simple  or  complex,  can  only  be  renstances  to  encounter  which  oppose 

designed  to  produce  one  or  more  of  the  its  action,  and  which  impair  its  effects. 

three  foUowmg  effects:   1.  To  change  Sudi  are,  for  example,  the  roughness  of 

the  direcHon  of  tiie  moving  power  so  as  sur&ces  which  move  in  contact,  the 

to  aoeommodfl^  it  to  overcome  a  given  stiffness,  of  cordage,  the   yielding   or 

resistance,  or  to  m-oduce  in  some  body  flexibility  of  bars,  and  numerous  others. 

to  whidi  it  is  i^yplied  a  given  species  of  If  the  calculation  of  the  efl^ts  of  these 

motion.    2.  To  render  a  power  whidi  forces  were  introduced  into  the  elements 

has  a  certain  vehdiy  capable  of  pro-  of  the  science,  and  constituted  a  part  of 

dndoDg  a  dMreni  vdod^f  in  the  work  our  first  investigations  of  the  proper- 

to  be  performed   or  the  body  to  be  ties  of    machines,  the   investigations 

moved*    3.  To  render  a  power  of  a  cer«  would  become  extremdy  complex,  and 

tain  wUemfU^  capable  of  overcoming  a  present  difficulties  which  most  students 
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would  be  deterred  from  encountering,  variety  of  machines  which  have  actually 
To  avoid  this,  it  is  usual,  in  the  first  in-  been  constructed,  and  the  infinitely 
stance,  to  omit  the  consideration  of  these  greater  variety  which  it  is  possible  for 
obstructions  to  the  action  of  the  power,  human  invention  to  produce,  there  is 
and  to  consider  a  machine  ad  free  one  great  principle,  simple  in  itself  and 
from  them.  Surfaces  are  considered  easily  intelligible,  which  am>lies  indifie- 
as  perfectly  smooth,  cords  as  perfectly  rently  to  all,  and  by  which  the  power, 
flexible,  bars  and  levers  as  perfectly  in-  whicn  is  capable  of  supporting  a  given 
flexible,  and  so  on.  Although  these  weight,  may  be  determined.  The  power 
suppositions  are  absolutelY  false,  yet  beingconnectedwith  the  weights©  as  to 
th^  are  found  to  be,  in  the  end,  the  act  upon  it  by  means  of  the  machine,  if 
shortest  road  to  truth.  For  having  de-  any  motion  be  givra  to  it,  the  weight  will 
termined  what  would  be  the  relation  receive  a  corresponding  motion,  and  a 
between  the  power  and  weij^t  in  anj  certain  proportion  will  be  found  to  sub- 
machine, were  there  no  frichon  or  rigi-  sist  between  the  velocity  with  which  the 
dity,  it  will  be  easy  to  correct  the  result  power  descends  in  the  vertical  directioD, 
when  the  effects  of  these  fbrces  are  sub-  and  that  with  which  the  wei^^t  ascends 
sequently  ascertained,  and  the  process  in  the  vertical  direction ;  which  pfropor- 
is  round  to  be,  on  the  whole,  not  only  tion  depends  entirely  on  the  nature  and 
more  simple  and  intelli^ble  to  the  stu-  construction  of  the  machine.  But  what- 
dent,  but  more  exneditious  in  actual  ever  proportion  this  may  be,  in  oider 
practice  by  takhig  this  course,  than  if  that  the  power  may  be  ciatpable  of  sus- 
Uie  real  state  of  the  machine  were  taken  taining  the  wei^t,  it  is  only  necessary 
under  consideration  in  the  first  instance,  that  it  should  have  to  the  waght  the 

These  observations  i^pply  more  cur  same  ratio  as  the  velocity  of  the  wo^ 
1^  to  every  part  of  physical  science,  just  mentioned  has  to  the  power ;  or,  to 
The  results  which  we  obtain  are  rather  express  the  same  condition  in  other 
td  be  considered  as  constant  approxima'  words,  thb  power  multiplied  by 
tions  to  truth,  than  truth  itseut  In  our  thb  space  through  which  it  icotis 
first  essays,  false  suppositions  are  ever  n  thb  vertical  direction  must  bi 
mixed  up  with  true  ones,  and  our  bqual  to  the  weight  multiplied 
first  conclusions  are  more  or  less  by  the  space  through  which  it 
tainted  with  the  errors  ot  the  source  moves  in  the  vertical  direction.^ 
from  which  thevflow.  Being,  however.  This  mat  principle,  which  is  known 
aware  of  the  deviations  from  the  truUi  under  tne  name  of  "  the  principle  of 
in  our  primitive  hypotheses,  we  are  virtual  vdocities,"  may  be  considered  as 
enabled  to  perceive  the  consequences  the  golden  rule  of  mechanics.  Indeed, 
which  they  produce  and  the  errors  we  may  say  that  it  implicitly  contains 
which  they  entail  upon  our  results,  and  the  whole  science,  statics  and  dyna- 
we  gradually  remove  these  errors  as  mics ;  and  equally  includes  the  resolu- 
they  are  detected,  and  our  conclusions  tion  of  all  problems  respecting  bodies 
thus  constantly  come  nearer  to  that  and  systems  of  bodies  in  eqiuHbrium 
truth  which  is  the  great  end  of  aH  onr  and  in  motion :  for  it  applies  immedi- 
r^earches.  Thus  ^  progress  of  the  ately  and  most  evidently  to  all  questions 
mind  in  the  acquiution  of  the  know-  respecting  equilibrium  or  statteal  pro- 
ledge  of  physical  science  resembles  that  tdenu^  and  by  means  of  another  pnnci«> 
of  an  artist  in  the  production  of  a  pic-  pie,  known  by  the  name  of  IXAlemberti 
lure  or  statue ;  th^  first  rude  attempt  principle,  the  whole  redon  of  dynamics 
bears  but  a  remote  and  uneouth  resem-  is  brought  imder  its  dominion.  We 
blance  to  the  oru;inaI*  while  eveiy  sue-  Cannot  pretend,  in  a  short  popular  trea- 
6essive  stroke  ofthe  pendl  or  the  chisel  tise  like  the  present,  to  make  the  fiiU 
femoves  some  deviation  from  perfect  value  of  tills  principle  apparent  nor 
similitude,  and  the  work  gradually  eten  to  otkr  a  seneral  demonstration  of 
approximates  to  a  faithful  copy  of  na-  it ;  not  because  it  is  incapable  of  rigor- 
ture.  ous  proofs  nor  because  its  results  are 

(5.)  Viewing  a  machine,  then,  divested  fisw  or  unixnportant,  but  because  its 

of  those  considerations  to  which  we  have  general  proof  requires  the  aid  of  alge- 

alluded,  the  problem  which  first  presents  faraic  investigations  of  too  difficult  a 

itself  is  the  aetermination  of  the  power.     * ■ i. 

which  by  its  means  woidd  be  capable  of  •  Tke  yriiMipk  of  Tirtati  Tdoeitiii  i>  nraA 

supporting   a   given   weildlt      Now  it  port  geaend  than  tUt  which  it  aaaowMed  above; 


utnre  i»  be  infroduerf  hfere;  and  its  will  amount  to  the  shoe  fefffect,  we  will 
most  striking  mutts  are  s|ii«ad  over  consider  the  fixed  axle  as  passing 
deputments    of  physical  science,  far    Ihrau^h  the  centre  of  ^avity  of  the 


bejond  the  neceisaiy  liinita  of  this  tret 
tiK.  Nnotheless,  even  within  our 
nimnr  limitit  the  student  will  hare  nu- 
RKTous  instances  of  the  truth  and  power 
nfthis  principie. 

IS.)  ETcry  machine,  however  com- 
plex it  be,  must  consist  of  some  combi- 
nition  of  the  following  simple  machines, 
which  are  commonly  called  the  mecha- 
nic poicert : — 

1.  Thb   I.ever, 

2.  Thb  Wheel  and  Axlh, 

3.  Tkr  Pi'lLkv, 

4.  Thb  Inclineo-plahe, 

5.  Thb  Wkdok, 

6.  The  Screw. 

This  Classification  of  the  elements 
ar  MAcniKE&Y,  although  very  simple 
when  considered  with  respect  to  the 
etteot  and  power  of  the  results  which 
siwins  from  ii.  may  be  still  further  sim- 
plified ;  not  because  anj  of  the ;'"  " 
fhines  which  we  have  just  er 
admits  of  bein^  resolved  into  i 
pie  parts,  but  Itecause  sooie  of  them  are 
identical  in  principle,  and  different  only 
ui  nppparancp.  We  thiM  show  here- 
iiller  lUat  !hf  "Iw]  ;iii,l  n\\v  i=  in  fact 
a  lever,  and  that  the  wedse  and 


machine,  which  will  therefdre  rest  indif- 
ferently in  any  position.     (Treatise  I. 


Let  us  suppose  tliat  AB  D  E  f^g.  l.J  iir 
the  section  of  a  solid  body,  moveable  on 
a  fixed  axis,  and  tnlten  in  a  plane  perpen- 
dicular to  tliat  ii\ed  e\is ;  and  suppose 
the  axis  passes  through  tlie  plane  of 
the  section  at  C.  Tiie  asis  being  sup- 
posed horizontal,  the  section  A  i)  D  K 
will  be  vertical.  Through  C  suppose 
tlie  horizontal  line  H  C  H'  to  he  drawn, 


, ,:~     "     p., — 7    ,.      1  me  nonzoniaj  une  tii^  n.  lu  ue  ummi, 

i  only  modifica^ons  of  the  mdjned  g„j  j^t  (he  weight  W,  to  be  Eustained. 

ine:  k)  Uiat  it  follows    that  all  the  be  applied  at  FTand  the  power  P  wh;-"- 

of  wmple  machines  may  be  supports  it  be  appUed  at  G.     Lot 


reduced  to  three : 

1.  Thk  Letbb, 

2.  Tax  PuLLZY, 

3.  Tbb  Ihcliksd-planb. 


(7.) 


ClUPTKK  ll.—0/tS«L9MI. 

A  LBTBR  is  sometimei  defined 


1  inflexitde  right  line,  Toid  of  ^- 
ritjr,  mad  tuminK  '""    "      - -'"-  ----■ 


supports  ..  __  _^  — 
consider,  then,  under  what  conditions  P 
can  support  W,  conformably  to  the 
principle  of  virtual  velodiiea.  If  the 
machine  be  put  in  motion  round  the 
centre  C,  so  that  P  shall  descend  and 
W  ascend ;  the  points  G  and  F,  to  which 
the  power  and  weight  are  applied,  will 
""  "ence  to  move  through  similar  cir- 
arcs,  having  C  as  their  common 


a  certain  point  centre,  and  C  G  aiid  C  F  as  their  radii. 

- -    -.  iil-j  J.liiifd   ■■  an  These  arcs,  if  taken  of  small  magni- 

inflexililc   Ijai'  oi   rod   le^liii^    upun   a  tudes,  wili  then  be  the  spaces  Ihroupli 

fulcrum  or  prop,  on  which  it  is  capable  which  the  power  and  weight  will  movo 

of  turning  as  on  a  centre,"    We  shall,  in  the  vertical  direction ;  and  whatever 

however,  take  a  more  general  view  of  be  their  magnitudes,  they  will  be  pro- 

Ihis  machine,  and  consider  it  as  any  portional  to  the  vertical  motions  of  these 

solid  body  having  a  fined  a»le  on  which  weights.    But  these  arcsbeing  similar, 

it   is   capable    of  tumitig,   and    round  are   proportional    to   their  radii ;    ana 

which  all  its  parts  describe  circles.     In  hence  follovvs,  what  indeed  is  otherwise 

considering  such  a  machine  as  applica-  abundanOy  evident,  tliat  the  perpendi- 

Ue  to  mechanical  puirioses,  we  usually  cular  descent  of  P  is  to  tlie  correspond- 

conc«ive  iU  axis  to  be  jilaced  at  right  ing  ascent  of  W,  as  the  disUnces  C  Q 

anzles  to  the  plane  in  which  the  power  and  C  F  of  tlie  points,  at  which  th^e 

and  weight  or  resistiuice  act.   In  order,  forces  are  applied,  fiom  the  centre  V, 

also,  to  siraplity  the  investigation,  we  These  distances  C  G  and  C  F  may  be 

sh^  in  the  Rrsl    instance,   omit  the  taken  to  repreaen\,\i\cssT^«.T\NAoulw» 

wag^tot  the  machine  itself,  or,  what  of  the  power  BwX  >«e»^\.\  w\i'A  ^^ 


4  MECHANICS. 

■nd  C  F  be  called  p  and  u 

tion  on  which  the  power  P  shall  support  sfiall  be  etfus 

the  weight  W,  nul,   iLCCording  to   the  weight  multiplied  by  ilt  distance  from 

principle  of  virtual  velocities,  be  the  centre. 

P  :  W  :  :  w  :  p,  It  is  evident,  that  the  efibrts  which 

or  P  X  »  =  W  X  w.  the  power  and   weight   make   to   turn 

rhe  meaning  of  which    is,  that   the  the  machine  round  the  centre  C,  will 

power  will  sustain  the  weight  in  equili-  be  the  same,  to  whatever  point  in  the 

brium,  provided  that   the  numbo'  of  lines  G  m  or  Fm',  the  strings   sup< 

ounces  in  the  power,  multiplied  by  the  porting  the  power    and   weignt  may 

number  of  inches  in  its  distance  tram  be  at^ched,  or  even  thou^  they  be 

the  centre,  shall  be  equal  to  the  number  attached   to   points    in   the  lines   G  n 

of  ounces  in  the  weight,  multiplied  by  and  Fn'  above  the  points  G  and  F. 

the   number  of  inches  in  its   distance  Thus  it  appeaia,  that  in  estimating  the 

from  the  centre.     It  is  evident,  that  any  distances  of  the  power  and  weight  from 

other   denominations    of    wdght   and  the  centre,  we  are  not  to  take  the  dis- 

measure   Iwaides    ounces    and  inches  tances  of  the  points  of  suntension ;  but 

maybe  used,  provided  the  jome  denwni-  the  perpendiculars  drawn  from  tlw  een- 

nation  \m  used  both  wilh  respect  to  the  tre  C  to  direction  n  m  and  n'  m'  in  which 

weight  and  power.  the  power  and  weight  act    Thus,  if 

(S.)     Sucn  is  the  condition  of  equili-  the  power  and  weight  were  suspended 

brium  resulting  from  the  principle  of  from  n  and  m',  we  should  still  consider 

virtual  velocities,  and  whicn  it  is  very  C  G  and  OF  to  be  their  distances  from 

easy  to  submit  to  the  test  of  experiment,  the  centre. 

Let  a  weight  W,    amounting  to  any  In  like  manner,  the  directions  of  the 

number  of  ounces,  be  suspended  at  power  and  weight  may  not  happen  to  be 

the  point  F,   and  let  the  number  of  parallel,  as    in  the  example  we  have 

inchesinCFbeexactlymeasured.  Sup-  taken;  but  still  their  distances  from  the 

pose  that  12  ounces  are  suspended,  and  centre  of  motion  are  estimated  by  per- 

thftt  C  F  is  8  inches.    Now  take  any  pendiculars  from  that  point  upon  tieir 

distance  C  G  on  the  other  side,  and  directions, 

suppose  that  distance  32  inches,   and  n 

that  a  weight  of  three  ounces  be  sus-  /~^v.._^          Fig.  9. 

pended,  it  will  lie  found,  that  equilibrium  /        ^""•■v^^ 

shall  be  preserved,  and  that  the  power  /'ir              ^"*"\. 

shall  exactly  balance  the  weight:  and,  /jf    ■        i-                  1^ 

accordingly,  the  product  of  3  and  32  is  A^w        '  ■■    'f^              / 

eiacUy  equal  to  the  product  of  12  and  8.  /«' .':<.'...^Jk         / 

Again,  if  instead  of  32  inches  C  G  is  ^/     ^T               *^     ^^^^\    I 

24  inches,  it  will  then  be  found  to  re-  ilH        \                            ^i 

quire   a  power  of  4  ounces  to  balance  [^         \                   j             rN. 

me  same  weight.    The  product  of  4  and       I  \ | |    ^^„ 

24  is  96,  8.S  before.     In  the  same  way,  X                            »  J.                 wj*" 

however  we  may  change  thedistance  of  ^^P       C    ip    ^'    ~'\                J^ 

the  power  from  the  cenfre,  it  wiU  be  ^^         '^•-■'        ^,                W^^k 

necessaiT  to  change  its  amount,  so  that  """'              ^^f 
the  product  of  the  number  of  ounces  in 

it,  by  the  numbei  of  inches  in  the  dis-  Let  the  point  of  application  of  the 
tance,  shall  be  equal  to  96.  in  order  we«ht  be  L(&.2.j  and  let  the  string  Iw 
that  it  shall  exactly  balance  the  weight,  which  the  weight  acts  pass  over  awheel 
If  in  any  case  the  product  exceed  96,  H ;  and  in  like  manner  let  the  power  act 
the  power  wUl  preponderate ;  and  if  the  by  a  string  at  K  passing  over  awheel  I. 
DFodnct  be  less  than  96,  the  waght  will  In  this  case,  L  H  is  the  direction  of  the 
preponderate.  wdght,  and  K I  that  of  the  power.  Sup- 
It  appears,  therefore,  that  Ihe  same  poso  the  perpendicular  C  F  and  C  G 
waght  W,  at  the  same  distance  OF  drawn  upon  tlieirdirections;  the  condi- 
from  the  centre,  may  be  balancetl  by  tion  of  equilibrium  will  still  be  the  same; 
innumerable  different  powers.  In  fact,  viz,  that  the  proiluct  of  the  power  P, 
a  power  of  any  raagralude  whatever,  and  the  perpendicular  C  G  shall  t>e 
great  or  small,  may  balance  it,  provided  equal  to  (lie  product  of  the  weight  W 
that  the  distance  of  that  power  from  tlie  and  the  perpendicular  C  F.  ThS  may 
embv  be  so  ngubted,  that  when  mul-  easily  be  estabhshed  experimentally. 


MECHANICS. 


From  an  that  we  have  stated,  it  fol- 
lows, that  the  effort  of  any  force  to 
turn  a  body  round  an  axis,  is  to  be 
measured  by  multiplying  the  force  by 
the  perpendicular  vrom  the  axis  on  its 
direction.  The  product  thus  obtained 
is  called  the  moment  of  the  force  round 
that  axis.  This  is  a  principle  of  such 
extreme  importance,  that  we  shall  deve- 
lop it  somewhat  further. 

(9.)  To  establish  satisfactorily  the  pro- 
position, thf^t  the  efficacy  of  a  force  to 
turn  a  machine  round  an  axis  is  mea- 
siu^ed  bv  its  moment,  we  ought  to  prove, 
that  if  the  moment  be  doubled  or  halved, 
or  increased,  or  decreased,  in  any  pro- 
portion, the  efficacy  of  the  force  in 
tumins^  the  machine  round  the  axle 
is  doubled  or  halved,  or  increased  or 
decreased  in  exactly  the  same  propor- 
tion :  this  may  be  very  easily  proved  by 
experiment 

Let  the  weight  W  act  perpendicularly 
to  the  line  C  F.  We  shall  assume  as  a 
self-evident  truth,  that  if  the  weight  W 
be  doubled  or  halved,  or  increased  or 
decreased  in  any  proportion,  its  effort 
to  turn  the  machine  round  C  vnll  be 
doubled  or  halved,  or  increased  or  de- 
creased in  the  same  proportion. 

I^t  the  power  P  at  the  distance  C  G 
balance  the  weight  W  at  the  distance 
C  F.  Hence  the  product  P  x  C  G  must 
be  equal  to  W  x  C  F.  Now,  suppose 
that  the  power  P,  or  its  distance  C  G 
from  the  centre,  or  both,  be  so  increased, 
that  the  moment  P  x  C  G  shall  be 
doubled,  it  is  evident,  that,  in  order  to 
preserve  equilibrium,  it  will  be  necessary 
that  the  moment  W  x  C  F  shall  be  also 
doubled ;  and  if  the  distance  C  F  be 
preserved,  tliis  can  only  be  done  by 
doubling  W.  Hence  the  double  mo- 
ment P  x  CG  will  balance  a  double 
wei^t  acting  at  the  same  distance  C  F, 
and  therefore  must  have  a  double  effect 
in  turning  the  machine  round  its  centre. 
In  the  same  manner  exactly  it  may  be 
proved,  that  in  whatever  manner  the 
moment  P  x  C  G  may  be  varied  by  the 
change  of  the  power  r,  or  the  distance 
C  G,  or  both,  the  weight  W  must  suffer 
a  proportional  change,  the  distance  C  F 
remaining  unaltered :  but  the  effort  to 
turn  the  machine  round  the  centre  is 
in  this  case  proportional  to  the  weight 
W. 

(10.)  We  therefore  conclude  that  the 
effort  of  any  force  to  turn  a  machine 
round  its  axis,  is  ri^tly  measured  by 
the  moment  of  that  force  round  that 
axil. 


Hence,  if  several  forces  tend  to  turn 
any  body  round  its  axis,  they  will  sus- 
tain it  m  equilibrium  if  the  sum  of  the 
moments  of  those  forces  which  tend  to 
turn  it  round  in  one  direction,  be  equal 
to  the  sum  of  the  moments  of  the  forces 
which  tend  to  turn  it  round  in  the  other  - 
direction.  For  then,  according  to  what 
we  have  iust  proved,  the  sum  of  the 
efforts  whibh  tend  to  turn  the  body 
round  in  one  direction,  will  be  exactly 
equal  to  the  sum  of  the  efforts  whicn 
tend  to  turn  it  round  in  the  other  di- 
rection. 

This,  which  is  the  most  general  view 
which  can  be  taken  of  the  lever,  may  be 
illustrated  by  experiment  as  foUbws  :• — 

Let  a  circular  Doard  be  placed  vnth  its 
plane  vertical,  and  tumme  upon  an 
norizontal  axle  C  (Jig,  3.)  and  let  strings 


be'attached  to  pins  A,  6,  D,  E,  F ;  and 
let  these  string  be  drawn  by  weights  in 
different  directions,  passing  over  fixed 
wheels  as  represented  in  the  figure.  Let 
the  board  drawn  by  these  strings  settle 
itself  until  it  come  to  a  state  of  equili- 
brium. Then  draw  from  the  centre  0 
perpendiculars  C  a,  C  6,  C  ^,  Ce,  &c. 
on  the  directions  of  the  strings,  and 
measure  the  lengths  of  these  lines. 
Multiply  the  weights  A',  B'.  D'  by  the 
perpendiculars  Ca,  C  6,  C  d,  ana  the 
products  A'  X  C  a,  B'  X  C  6,D'  X  C* 
will  express  the  effort  of  each  weight  to 
turn  the  board  round  in  one  direction. 
Multiply  the  we^hts  E',  F.  G',  by  the 
perpendiculars  C  e,  C/,  Ce,  and  the 
products  E'  X  Ce,  F  x  C/Tg'  x  C^. 
will  express  the  effort  of  each  of  these 
weights  to  turn  the  board  round  in  the 
other  direction.  Now,  it  will  be  found 
that  the  sum  of  the  former  products  is 
equal  to  the  sum  of  the  latter ;  that  is,* 

"  •  We  liaTe  endeaTourMU  as  fa?  as  v<m»M^  \t^ 
thcM  treatiMi  oa  MioBxmcv  \ot^^«  ^«  ^vn««a 
eoDditioni  a  a  pop^Ut  foTm««xiA  ^^«%\«^  ol 


AxCa+B'yC6+DxCii  = 
ExCs+F-xCf  +  a-xCg-.th&t 

is,  thai  Ihe  sumoftheeffortalcitumlhe 
board  romid  in  one  direetiiin,  is  equal  lo 
the  aiim  of  the  efforts  lo  turn  it  round 
in  tlie  other  direction- 

(11.)  We  have  hitherto  neglected  to 
consider  the  weight  of  Ihe  machine  itself. 


"W 


1lie  first  inilante,  the  weight  of  the  |wr 


the  axis  being  always  supposed  to  pass  itselt^  or  suppose  the  centre  of  gravity 

through  the  centre  of  gravity.    If  tliis  lo  be  placed  immediately  ovar  the  prop 

be  not  the  case,  we  have  only  to  con-  G,  the  eiforts  of  the  power  and  weight 

sider  the  wei^t  of  the  machine  itself  as  (o  tiuTi  Ihe  lever  in  opposite  directions 

one  of  the  weights  or  forces  wiiich  are  nre  P  x  p  and  \V  x  w,  p  and  to  bang 

applied  to  it,  and  that  this  force  is  ap-  C  G  and  B  G  ,  and  in  order  that  equiU- 

phedin  a  vertical  direclionatthecentre  brium  shoiUd  subsist,  these  must  be 

of  gravity.    Thua,  for  example,  in  the  equal  (7.)  that  is  P  x  p  =  W  x  w- 
last  experiment,  let    us    suppose  the        A  lever  of  the  second  kind  is  rqire- 

weighta  A',  B',D'.  E'.  C  to  be  tne  forces  seated  in yfe-.  S ;  andoneof  thathirdkind 
vrhich  act  upon  the  board.    Let  F  be 


the  centre  of  ^vity  of  the  board,  and 
let  F"  be  its  weight  acting  m  the  volical 
hne  FF' passing  through  F.  The  former 
investigation  wiSremain  unchanged,  Ihe 
only  difference  being  that  the  weight  F 
is  now  that  of  the  board  conceived  to  Im) 
concentrated  at  its  centre  of  grnviij'  K. 

(12.)  It  is  scarcely  necessary  to  say, 
that  if  the  sum  of  the  moments  of  the 
forces  which  tend  to  turn  the  body 
round  in  one  direction,  be  erealer  than 
the  sum  of  the  moments  of  the  forces 
which  tend  to  turn  it  in  the  opposite 
direction,  Ihe  body  vrill  move  round  its 
centre  in  the  direction  of  the  former. 


Chaptbr  III.— Siro^yAtieiw*— ttres 
ktTuls — XMier  bearing  sevaredfVeighti 
— Beam  bearing  a  Weight  and  retting 
on  two  Propt — Pretsura  on  the  Fut- 
cnimofaLAer — Load  borne  on  PoIm, 

(13.)  A  LsTBR  considered  as  a  bar  or 
rod,  supported  on  a  prop  or  fulcruip,  is 
of  three  kinds,  according  to  the  position 
of  the  power  and  weight  with  respect  to 
the  urop. 

If  the  prop  be  in  the  middle,  the 
lever  is  said  to  be  of  Ihe  first  kind;  if 
the  weight  be  in  the  middle,  it  is  of  the 
tecond  kind ;  and  if  the  power  be  in  Ihe 
middle,  it  is  a  lever  ufthe  third  kind. 

(14.)  A  lever  of  tht  first  kind  is  re- 
presented in  JIg.'i.     If  we  neglect   in 

Incal  r»»n'in|<iT  sl^rbruul  noUIign.    Tlitttii- 


Fig.  5. 


mv 


1  Jig.  6.     What' we    have  just  ob- 
■rved  respecting  the  power  and  weight 


in  levers  of  the  first  kind,  also  applies 
to  those  of  the  second  and  thii-d  kinds. 

(15.)  The  condition  of  equilibrium  (n 
the  straight  lever  being  that  the  product 
P  X  p  should  be  equal  to  W  x  ii\  it 
follows,  that  the  power  P  may  be  di- 
minished indefinitely  by  increasing  its 
Instance  p  from  the  prop  indefinilely, 
for  what  the  magnitude  of  the  product 
P  X  p  loses  by  the  diminution  of  P,  it 
will  gain  by  the  increase  of  p. 

There  is  another  way  in  which  the 
power  which  supports  a  given  weight 
Ly  moans  uf  a  l.'Vfv  miiy  In-  iii<i.>firiildy 


rwi  i'Aa  bt  nMd  with  moe9  MrftDUra  tknn  Da* 


\.f\ 


the 


distance  to  of  the  weight  from  the  prop 
be  diminished  until  the  product  W  x  u> 
s  e<iuslto  P  X  p. 


Thus  Dm  niMhifiiMl  effieaey  at  thii 
machine  inereMet  ai  the  distance  of  Um 
poner  from  the  prop  is  increated.  Mid 
as  the  distance  of  the  weight  from  tha 
prop  ii  diminished. 

(IS.)  It  is  evident  on  inspection,  that 
in  B  lever  of  the  ttoond  Hnd,  the  power 
must  necessarily  t)e  lets  than  the  irei^t, 
since  it  must  be  farther  from  the  ful- 
crum; and  in  a  lever  of  the  third  UndiA 
must  be  greater  than  thewoghtbecftuse 
it  is  nearer  to  the  fulcrum. 

It  appears  also,  that  in  a  lever  of  the 
first  land  the  power  and  weight  act  in 
the  tame  direction,  both  acting  down- 
wards ;  while  in  those  of  the  second 
and  third  kinds  they  act  in  opposite 
directions. 

In  the  lever  of  the  third  kind  there  is 
a  mechanical  disadvantage,  the  power 
being  greater  than  the  weight,  and 
therefore,  this  species  of  lever  ii  never 
used  except  in  cases  in  which  velodh, 
and  not  power,  is  wanted ;  fbritwill  be 
remembered  that  the  velocities  of  the 
power  and  weight  are  as  thor  distances 
from  the  prop  (7). 

(17.)  If  the  centre  f,f  yraiily  of  thu 
bar  itself  be  not  ovit  tin.'  firo|j,  the 
weight  of  the  bar  must  bi:  l.ikt-n  inlo 
account.  Let  this  he  G.  and  U't  fhu 
distance  of  the  centre  of  ^(ivity  (rora 
the  propbe^.  The  moiueiit  uf  this  is 
G  X  ^.  If  this  force  tend  to  turn  the 
lever  m  the  same  direction  irith  the 
power,  the  condition  of  equilibrium  i«  ' 

But  if  it  connure  with  the  fines  of  tha 
weight,  the  condition  is 

Pxp-Wxw+Gx^. 

If  the  kver  be  of  unifbnn  thiokness, 
its  centre  of  gravity  will  be  at  its  middk 
punt.  In  akver  of  the  first  kind,  tha 
whole  length  is  equal  top  +  ic;  and 
therefore,  if  H  {fig.  4.)  be  the  centre  of 
eravitj,CHisequalto)})4- 1  w;  but 
HGQr«ri*equaltoCO-HC=p-tf> 
—  * w  =  *P  -  i  »■  Henee.  g^  i 
<  p-w.)  That  is,  the  dislaoee  of  the 
eentre  of  gravity  from  the  prop  is  equal 
to  half  Qm  diSbrmee  of  the  amu. 

In  lever*  of  the  seMiBd  and  tbn^ 
kiada,  when  they  are  of  nnUbnai  tbick- 
neaa,  thediataBceofthe  OMtreof  gran 
Tii^  from  the  prop  is  half  tha  lengu  of 
the  aim.  the  lever  being  luppoced  to 
extend  ooljr  en  OMakie  of  the  prop.  If 
it  extend  on  both  ndei,  the  ifaataieeie 
the  same  as  in  the  laatcase. 

Oi^  Iftfaevwtif  Oh  kvsbenot 


Op      ^^.t.       ^ 


Ian  OB,  O  C,  drawn  from  the  prop 
upon  the  direotiooa  of  the  power  ana 
wei^.  Bift  still  the  condition  of  equi- 
librium remains  the  same,  P  x  p  =  W 


Iw  not  parallu,  as  m  Jig.  S,  the  4>s- 

tanoes  p  and  le  are  (he  peipendiculan 
dnwn  from  the  prop  upon  the  £re»< 
tions  of  the  strings  wmcn  act  uptm  the 
lever,  and  which  are  drawn  bj  the  power 
and  weight. 

(80.)  If  several  we^^tts  act  upon  di& 
ferent  sidea  of  the  ptip,  as  in  Jig.  9, 

Jt  B'  B"       ft         c"       €*  o 

cr  in  difiteent  directiona  on  the  same 
skle,  the  oemdition  of  eqniiibnum  is  inh 
mediately  deriTed  from  (10.);   via.  tha 

warn  t£  the  monsBta  of  Aaee  whiA 
1«idtetantiia  maehine  rwnd  uoM 
direction  is  e(\aB]L  \o  \^  «n^  ^  vn> 
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mcnts  of  those  which  tend  to  turn  it  In  elevating  a  ladder,  it  is  irst  a  lever 

round  in  the  other.  of  the  second  and  afterwards  of  the 

Thus,  if  the  several  weights  which  tlurd  kind.    While  the  centre  of  ^vity 

tend  to  tiuTi  the  lever  round  in  one  way  is  between  the  hands  that  raise  it  and 

be  P,  P',  P^,  and  their  distances  from  the  end  on  which  it  rests,  it  is  a  lever  of 


ftom  the  prop  be  w,  w\  uT,  vf'* ;  the  (22.)  A  bar  supporting  a  wd^t  by 

condition  of  equilibrium  is  two  props  acts  on  the  principles  of  a 

Pxp  I-  F  xp"  +  P^x^=  W  X  tr+  lever.     Suppose  the  prop  B  removed 
W  X  <+  W^x  «/*+  W"  X  uf'\ 

If  the'  centre  of  gravity  be  not  over 
the  prop,  the  moment  G  x  ^  must  be 
added  to  whichever  of  these  the  weight 
of  the  machine  conspires  with. 

(21.)  Of  levers  ofthe  first  kind  there 
are  numerous  instances.  Scissars,  pin- 
cers, snuffers,  and  all  similar  instru- 
ments, consist  of  two  levers,  of  which 
the  rivet  by  which  they  are  united  is  the 

common  fulcrum.    A  crow-bar  used  to  and  replaced  \xs  a  power  P,  as  repre- 

raise  stones  and  for  other  purposes,  is  a  sented  in  the  figure ;  that   power  will 

lever  of  the  first  kind.   A  poker  used  for  evidently  represent  the  pressure  of  1  he 

raising  the  coals  in  the  erate  is  an  in-  weight  W  on  the  prop  B.    Now,  by 

stance  of  this,  the  bar  of  the  grate  being  the  principles  already  established  are 

the  fulcrum.  PxAB  =  WxAC, 

Levers  of  the  second  kind  are  not  so  and  therefore, 

fi:«quent^yet  several  instances  of  them  p  ^  -^  ^  f^ . 

occur.    The  oar  of  a  boat  is  an  instance.  __^  •     ^^„^i„4i,«  „o«itrJL««««^  ;f  d/ 

In  this  case,  the  water  against  which  *°^  ^  ^?^^  *^®  **™^  manner,  if  F 

ibe  blade  passes  is  theldcnmi,  the  "^^^^  *^«  P«^««^  ^^  *«  P^^^P  ^^ 

boat  is  the  weight,  and  the  hand  of  the  t>/  -  w     bc 

rower  is  the  power.     The    rudder  is  F  —  W  x  ^. 

another  instance  of  the  same  kind.    A  The  pressure  on  each  prop  is  therefore 

door  turning  on  its  hin^s,  or  the  lid  a  certain  fractional  part  of  the  weight, 

of  a  desk,  are  also  exampks ;  the  hinges  viz.  that  fraction  whose  numerator  is 

being  the  fulcrum ;  the  door,  acting  at  the  distance  of  the  weight  from  the  other 

the  centre  of  gravity,  is  the  weight    A  prop*  and  whose  denominator  is  the 

diipping-knife  is  also  an  example.  This  distaiioe  between  the  props, 

instrument  is  fixed  at  one  end,  the  ful-  It  follows  from  this  mat  the  sum  of 

crum ;  the  substance  to  be  cut  is  placed  the  pressures  is  equal  to  the  weis^t, 

under  it,  and  the  power  is  applied  at  and  that  the  weight  is  distributed  be- 

the  other  extremity.  tween  the  props  m  the  inverse  propor- 

Levers  of  the  third  kind,  having  a  tion  of  its  mstances  from  them, 

mechanical  disadvantage,  as  we  have  (23.)  It  easily  follows  from  this,  that 

already  proved,  are  the  least  common,  the  pressure  upon  the  frdcmmof  a  lever 

They  are  used  only  in  cases  where  de-  of  the  second  or  third  kind  is  equal  to 

spatch  is  more  an  ol^ect  than  the  exer-  the  difference  between  the  power  and 

tion  of  great  force.    The  most  striking  weight    For  if  A  l)e  considered  as  the 

instance  of  the  use  of  levers  of  this  kind  fulcrum,  W  the   weight    and  P  the 

is  in  the  structure   of  the  limbs  of  power ;  the  lever  will  be  of  the  second 

animals,  in  which  the  bones  are  so  con-  kind,  and  F  wiU  be  the  pressure  on  the 

nected  at  the  joints-  as  to  form  levers  of  frdcrum ;  and  by  what  we  have  alrea^ 

this  kind.    In  this  case  their  use  is  proved,  P'  is  the  difference  between  W 

peculiarly  weU  adapted  to  the  conve-  and  P.     If  P  be  considered  as  the 

nience  of  the  animal,  for  in  almost  weieht  and  Was  the  power,  it  is  a  lever 

every  case  facility  and  despatch  is  ratiher  of  me  third  kind,  and  the  same  observa- 

an  object  than  the  exertion  of  intense  tion  applies. 

force.    Tongs  are  also  an  instance  of  If  at  C  a  fulcrum  be  placed jnesented 

this  species  of  lever;  and  shears  for  downwards,  and  the  weight  W  be  re« 

tiheaxSag  %h^^  movedy^dinplaoeoftlieprgpt  Aand 
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B,  the  weights  P  and  P  act  at  those 
points,  the  pressure  on  the  fulcrum  C 
will  evidently  be  equal  to  the  weight  W 
which  was  removed.  But  W  is  equal 
to  the  sum  of  P'  and  P,  and  in  this  case 
the  lever  is  one  of  the  first  kind.  Hence, 
in  a  lever  of  the  first  kind,  the  pressure 
on  the  fulcrum  is  equal  to  the  siun  of 
the  power  and  wei^t. 

(24.)  In  (22)  we  supposed  that  the 
bar  which  sustains  the  weight  rests  on 
the  props  in  a  horizontal  position.  But 
the  conclusions  which  we  have  deduced 
are  equally  true  if  the  bar  be  inclined  to 
the  horizon  and  the  wei^t  is  distributed 
between  the  props  precisely  in  the  same 
proportion.  For  let  A  B  {fig,  1 2.)  be  the 
beam,  and,  as  before,  let  the  prop  J3  be  re- 
placed by  a  weij^t  P  actine  over  a  wheel, 
and  let  the  vertical  line  in  which  the  string 


^V.  18 


pies  whicn  we  nave  just  established,  and 
when  it  is,  as  is  usual,  placed  in  the 
centre  between  them,  each  bearer  carries 
half  the  load.  If  the  centre  of  gravity 
of  the'load  be  in  the  plane  of  the  poles 
which  support  it,  this  equal  distribution 
of  the  load  continues  whether  the 
bearers  move  on  a  level  plane  or  on  a 
declivity.  If,  however,  the  centre  of 
gravity  be  above  or  below  the  poles,  the 
load  is  not  equally  distributed  if  the 
bearers  are  on  an  ascent  or  descent.  In 
this  case  let  G  (fig,  13.)  be  the  centre  of 


Fig.  1S« 


from  B  acts  De  B  n,  and  let  C  W  be 
the  direction  of  the  weight.  This  is  a 
lever  of  the  second  kind,  and  by  (14)  it 
follows  that 

P  :  W  : :  A  m  :  A  «. 
But  since  C  m  and  B  n  are  parallel,  it 
follows  by  the  principles  of  geometry 
that  A  m  :  A  n  : :  A  C  :  A  B.    Hence 

P:W;:AC:AB 

or  P  =  W  X  25 
which  is  the  same  value  as  we  obtained 
for  the  pressure  on  the  prop  B  when  we 
supposed  the  beam  A  B  to  be  hori- 
zontal. 

Hence  it  appears  that,  whether  the 
beam  be  horizontal  or  inclined,  the 
weight  is  distributed  between  the  props 
in  the  same  proportion. 

From  what  we  have  established  in 
(22)  it  follows,  that  when  the  weight  is 
placed  at  the  middle  point  of  the  Mam, 
it  is  equally  distributed  between  the 
props,  each  prop  bearing  half  of  it. 

(25.)  When  two  men  bear  a  weight 
on  poles,  the  proportion  sustained  by 
each  MM  to  be  deterauned  on  the  princi- 


Fig.  14. 


gravity  of  the  load  below  the  poles  A  B, 
and  through  G  draw  the  vertical  line  G  D. 
Since  the  weight  acts  as  if  it  were  col- 
lected at  the  centre  of  gravity,  it  must 
produce  the  same  efiPect  as  if  it  were 
suspended  from  D,  and  consequently  is 
distributed  between  the  bearers  A  and 
B  in  the  proportion  of  B  D  to  A  D,  and 
consequently  it  presses  more  severely 
on  the  upper  bearer  B. 

But  if,  on  the  other  hand,  the  centre  of 
gravity  be  above  the  beam,  the  weight, 
acting  as  if  it  were  placed  at  D  (fig.  14.), 
is  distributed  between  the  bearers  A  B  in 
the  proportion  B  D  to  A  D,  and  there- 
fore presses  more  severely  on  the  lower 
bearer  A. 

This  may  be  proved  experimentally  by 
providing  two  straigjht  bars,  A  B,  A'B', 
(fig.  15.)  and  attacmng  them  to  the  sides 


of  a  block  of  wood  C  D,  which  is  pierced 
with  three  Yicites,  m  wq  ol  H^Xsm  ii«a 
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be  pUoed  A  eylindrma*  pieea  of  lead  X.  Throughout    these   experiments  th* 

Let  the  apparatus  be  »a  adjusted  that  Btrings  which  support  the  wdghtsihould 

when  the  lead  is  put  into  tne  hole  be-  be  kfpt  parallel, 

twaen  the  btva,  the  oestre  of  gravity  will  Mechanical  writers  have  sometimet 

be  between  them,  and  that  the  centre  of  investigated  this  problem  erroneoualj. 
gravity  will  be  below  or  above  them 

when  the  lead  ia  put  into  the  hole  whioli  Cha.ftsb  TV.—Congwmd    Lm>*n~ 

is  below  or  above  th^  bars.    Let  striiwR  ReetaHguiar  Ltver—  WeiglUng  Ma- 

be  attached  to  the  extreiaitiea  of  t&a  chine— Alt    tiwpU    and    oow^Ux 
MaMnn    reductbU    to    tqunwnt 

-„     .  Leotr*. 
apparatus  be  supported  in  the  boriion- 

bd  position  by  equal  weishts,  P  and  P*,  (3S.)  Tbs  power  may  act  upon  the 

theleadbcinzplacedintheholebetween  we^t  through  the  intervention  of  a 

the  bars.    Now,  it  will  be  found  that  icnes  of  levers,  in  which  case  the  ap- 

the  same  equal  weights  will  support  parftbisiscalleda  con^Mftfibno/^nierf, 

the  apparatus  when  S  is  inclined  to  the  or  a  campoimd  lever.     There  is  one 

horizon,  provided  the  strngs  by  which  general  condition  which  ^plies  to  every 

the  weights  P  P*  act  continue  panllel.  conibinalion  of  levers,  cut,  that "  When 

Let.  then,  the  lead  be  removed  to  the  the  ^stem  is  in  equilibrium,  the  power 

upper  hole ;  the  same  weiriits  will  sup-  multiplied  by  the  i  i^ctinued  product  of 

port  the  apparatus  in  the  haiiiontal  the  alternate  arms  commencing  from 

position ;  but  if  it  t)e  inclined,  it  will  be-  the  power,  is  equal  to  the  weight  mul- 

come  necessaty  to  increase  the  weight  tiplied  by  the  continued  jooduct  of  the 

which  supports  the  lower  end.  and  di-  alternate    arms    beeinnuig    frttm    the 

minish  that  which  auf^orta  the  upper  weight."    This  will  be  more  easily  un- 

end.    On  the  oUier  hand,  if  the  lead^be  deivtood  by  otuervii^  its  application  to 

placed  in  the  lower  hide,  when  tiie  tiff-  the  following  examples. 

Saratus  is  inclined,  it  wDl  be  neceasaiy  He  syat^  of  levers  refncsented  in 

>  increase  the  wei^t  irtiid)  svpporta  Jig.   IG  consists  of  three  levers  of  the 

the  upper  end,  and  to  diminish  that  &st  kind.     The  power  actine   at  B 

which  supports  the  lower  end.  exerts  a  certun  ivessure  at  V.     Let 

O"       CI' 


•^ 


this  pressure  be  called  x.    Again,  the  Sinee  V  p,  x  jf,  and  y  p"  an  nspw- 

pressure  x  by  means  of  the  lever  B'  C  tively  equal  to  x  v,  y  W,  and  W  i^\it 

produces  a  pressure,  which  we  call  y,  at  follows  that,  if  the  former  be  multiplied 

C',  and  the  pressure  y  at  C  supports  togeUier,  they  will  be  equal  to  the  Utl«t 

the  weight  W  at  C",  piultiplied  together.    Hence  we  have 
Let  the  alternate  arms  B  G,  B*  6',  Pf)  »j)'yp*  =  iC  tpy  w*  W  lo". 

B"  G",  commencing  &om  the  poww,  be  In  these  equal  products,  %t  omittiiw  the 

called  p,  p  and  p" ;  and  let  the  altenwte  common  multipliers  j-  bxh!  y  wc  (jbliiin 
arms  C"G",  C'  G',  C  G,  commencmg  P.pp'p"^  \\  w  u^  u-"  ;* 

from  the  weight,  be  w",  id',  and  w.  Now,  that  \%,   tne  power   multiplied  ' f/i/   Ike 

suice  the  power  P  equilibrates  with  the  continued  product  of  the  iSiemate  arm* 

pressure  j:,  we  have  commencing  from  the  power,  ii  equal 


P  p  =  X  .».  ti)  the  irei^t  multiplied  by  the  continued 

Also,  since  the  pressure  x  equilibrates  vroduci  of  the  alternate  arms  comtnenc- 

with  the  pressure  y,  we  have  ingfrom  the  icei)jht. 

xp'=]fuf;  Those  students  who  are  not  sufficiently 

and  smce  the  pressure  y  equilitvates  masters  of  the  siimification  of  the  alee- 

VOi  the  weight  W,  we  hav«  , Zl^ 

}Hi'  =  ^.ti/'^  ^»-l>*»L«rt4W«.p.^L 
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braic  notation  to  follow  the  preceding 
veiy  simple  proof,  may  easily  be  satisfied 
of  tiie  truth  of  the  result  by  actual  ex- 
periment. 

Let  us  suppose  that  the  arms  p^p^p\ 
are  4,  6  and  8  inches  respectively,  and 
that  fT,  tBf,  w'f  are  I,  2  and  3  inches ; 
it  will  be  found  that  a  power  of  two 
ounces  at  B  will  sustain  a  weight  of  64 
ounces  at  C".     In  tiiis  case  we  have  the 


Fig,  17. 


product  2  X  4  X  6  X  8  equal  to  384,  and 
the  product  64  x  1  x  2  x  3  also  equal 
to  3S4 ;  and  the  same  would  be  found 
to  be  true  of  any  power  and  weight 
which  would  balance  each  other. 

The  demonstration  which  we  have 
riven  above  of  the  condition  of  equili- 
brium will  be  found  to  apply  equally  to 
any  system  of  compound  levers.  Fig,  1 7 
is  a  system  of  levers  of  the  second  kind. 


The  alternate  arms,  be^nmng  from  the  system  of  niixed  levers,  some  of  the  firsts 

power,   and  those  begmning  from  the  and  some  of  the  second,  kind.    The 

weight,  are  marked  by  the  same  letter  same  condition    estabUshes  tHe  equi- 

asin>^.  16.  librium. 

In  fig,   IS,  we  have  represented  a  <27.)  A  rectangular  lever  is  a  form 


not  unfrequently  used,  and  is  governed 
by  the  same  condition  of  equilibrium  as 
o&ier  levers.  Such  a  lever  is  rgare- 
sented  in  fig'  ^^'     The  weight  W  is 


Fig.  19 


sospeoded  (rcHPA  ths  shoTior  tm  G  C  ojc 
to.  and  UiepowsrPfrpm  the  longer  GB« 
or/>;  £^  cowdifeia  c|  ^uaihrium  is 
eYid?n%       ^        ^ 


When  a  hammer  is  used  for  drawing  a 
nail  it  is  a  levef  of  this  kind,  G  C  bemg 
the  daw  and  G  B  the  handle.  In  this 
and  all  the  other  cases  which  we  have 
now  noticed,  we  consider  the  axis,  or 
fulcrum,  to  pass  through  the  centre  of 
gravity  of  tne  lever,  and  therefore  we 
have  not  attended  to  the  effect  of  the 
wcdght  of  the  bar  itself. 

"file  condition  of  equilibrium  in  the 
rectangular  lever  maybe  verified  by  ex- 
periment in  a  manner  similar  to  the 
other  cases,  by  suspending  such  weights 
as  will  produce  equilibrium,  and  mul- 
tiplying them  by  tlie  lengths  of  the  arms 
by  which  they  respectively  act,  and 
shoving  that  Pf)=  W  w, 

(28.)  The  rectangular  lever  may  form 
part  <Kf  a  compound  system,  as  in^.  20 ; 
but  the  gencnd  condition  of  equilibrium 
estabUshed  in  (7,\  ynji  «m  b^  %^ 
plicable. 
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(29.)  The  weighing-machine  is  formed 
of  a  composition  of  levers.  This  ma- 
chine may  be  used  in  any  case  where 
considerable  weights  are  to  be  deter- 
mined, and  is  commonly  used  at  turn- 
pikes in  weighing  wagons,  to  ascertain 
that  they  are  not  loaded  beyond  what  is 
allowed  by  law  to  the  breadth  of  their 
wheels. 

A  system  of  levers  is  placed  in  a 
horizontal  position  in  a  box  about 
a  foot  deep,  so  that  a  platform  sup- 
ported by  the  levers  shall  be  on  a  level 
with  the  road ;  the  wagon  to  be  weighed 
being  rolled  upon  the  platform,  the 
power  which,  tm'ough  the  intervention 
of  the  combination  of  levers,  is  capable 
of  sustainmg  it,  becomes  an  indication 
of  its  weight.  The  advantage  of  this  is, 
that  a  very  small  weight  TOComes  the 
measure  or  a  very  great  one,  and  the 
practical  process  of  weighing  is  thereby 
expedited. 

2^.  21  is  a  ground  plan  of  the  sys- 
tem of  levers  in  such  a  machine  as 
this*.  In  the  middle  of  the  box  is  a 
fulorum-pin,  /  k,  formed  like  the  nail  of 

Fig,  21. 


a  balance,  which  rests  with  its  edge  on 
arches  of  hardened  steel  firmly  fonened 

^^— 1^—    m  m  I ' 

*  For  a  more  detailed  aooonat  of  thii  mMhiiit,  Mfi 
Obboobt's  Michanicty  toL  u.  jk  653. 


to  the  bottom  of  the  box.  This  lever 
^oes  through  one  side  of  the  box,  and 
is  furnished  at  its  extremity  with  a  hard 
steel  pin  m  n,  also  formed  to  an  edge 
below.  In  the  centre  of  the  box  a  nail 
of  hard  steel  ij  passes  throu^  the 
lever  just  mentioned  at  p,  and  presents 
a  hard  edge  upwards.  In  tne  four 
comers  L  M  rT  O  of  the  box  axe 
firmly  fixed  small  blocks  of  hard  steel, 
having  hollow  hemispherical  cavities  or 
cups  m  their  upper  surfaces.  BCD 
£  F  represent  the  upper  edge  of  a 
strong  iron  bar,  having  hard  steel  studs 
on  its  lower  surface  at  B  and  F,  which 
rest  in  the  cups  or  cavities  of  the  steel 
blocks  just  mentioned.  There  is  also 
a  hard  edge  immediately  under  D  which 
rests  on  the  edge  of  t  j  and  at  right 
angles  to  it.  At  C  £  are  fixed  studs 
of  pointed  steel  presented  upwards.  On 
the  other  side  of  the  lever  is  a  similar 
arrangement  marked  by  the  same  letters 
accented. 

We  have,  then,  four  pointed  studs  pre- 
sented upwards,  and  which  are  so  ad- 
justed as  to  be  in  the  same  horizontal 
plane.  On  these  studs  the  (datibnn 
rests  on  which  the  body  to  be  vna^M 
is  olaced. 

Now,  suppose  that  a  wire  or  rod  be 
connected  with  the  end  m  n  of  the  lever 
F  P,  and  be  carried  upwards  peipendi- 
cularly  to  the  plane  of  the  box  L  MO  N, 
and  iinally,  be  connected  with  the  end 
of  another  lever,  fit)m  the  other  arm  of 
which  the  counterpoise  or  power  is 
suspended ;  the  amount  of  that  power 
or  counterpoise  will  be  the  indication  of 
the  weight  upon  the  platform.  To  de- 
termine  the  proportion  of  this  counter- 
poise to  the  weight  on  the  platform,  let 
the  arms  B  C,  F  P,  and  the  arm  of  the 
final  lever  with  which  /m  is  connected 
be  tr,  «^  and  uf"  respectivdy,  and  let 
B  D,  Fm  and  the  arm  of  the  finalleyer 
on  which  the  power  acts  be  /'>p'«  and  p^' 
respectively.  The  four  levers  W  D',  B  D, 
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PD,  P  D',  bring  pofectly  equal  and  is  a  property  in  which  it  ia  distinguished 
limilar,  the  efiect  of  the  weignt  distri'  from  most  other  simple  mBchines,  and 
buted  amon^t  them  is  the  same  as  if  one  which  renders  it  a  convenient  stand- 
the  whole  weight  rested  upon  any  one.  ard  or  modulus  for  representing  all 
Hence  the  condition  of  equilibrium  is  other  machines.  Whatever  t>e  the  pro- 
P)ipf/p"=V/KiDiB'w".  portion  of  the  power  and  weight  in  any 
Thus,  if  tv  and  to'  be  each  one  foot,  and  machine,  a  lever  may  be  assigned  in 
that  p  and  p'  be  each  ID  feet,  and  if  which  the  power  and  weight  will  have 
to"  be  one  inch,  and  ji"  be  one  foot;  we  tlie  same  proportion,  and  which,  there- 
have  fore,  we  call  an  equivalent  lever. 

PxlOxlOxl^WxlxlxVi  As  all  simple  machines  may  berepre- 

orl(iOP=l^  sen  ted  by  equivalent  simple  levers,   so 

that  is  1200  P='W.  all  complex  machines  may  be  repre- 

In  which  case  the  weight  would  be  1200  sented  by  equivalent  systems  of  com- 

times    the    counterjMiise,    and   thus   a  pound  levers.    To  effect  this,  it  is  only 

weight  of  one  pound  would  balance  necessary  to  determine  the  proportion 

1200  lbs.  of  the  power  to  the  weight  in  all  the 

By  a  proper  adjustment  of  the  levers,  simple  component  machines,  which,  in 

the  indicatii^  weight  might  be  made  to  the  complex  machine  under  considera- 

have  any  convenient  relation    to  the  tion,  are  interposed  between  the  weight 

weight  to  be  ascertained.    Thus  one  and  the  power,  and  take  a  series  of 

ounce  mi^t  correspond  to  one  hundred  levers  whose  alternate  arms,  beginning 

weight    This  would  be  effected  if  u>  from  the  power,  bear  the  same  propor- 

and  u>' were  each  one  foot,  and  p  were  tions  to  the  remaining  arms  respec- 

8  feet,  p'  1 6  feet,  and  u>"  one  inch,  and  tively.     Such  a  system  of  levers  will  be 

p"  14  inches;  for  then  we  should  have  TneenanieaHy  equicalent  to  the  complex 

Px8xl6xt}=Wxlxlx,|,  machine. 

or  1792  P=W  ;  Hence,  and  from  the  result  of  (26) 
Ihat  Is,  the  weight  is  1792  times  the  ttfollowi.thBtin  anycomplex  machine, 
counterpoise ;  and  since  there  are  1 792  the  proportion  of  the  power  to  the 
ounces  in  one  hundred  weight,  it  fol-  wei^t  may  be  easily  assigned,  pro- 
lows,  that  one  ounce  will  balance  an  Tided  the  proportions  of  the  power  to 
hundred  weight.  the  weight  in  the  simple  component 

(30.)   The  mtchaaical  ^ffieaey   of  a  machines   are   known.      For  let  these 

roacliine  depends  on  the  ratio  of  the  proportions  be  w.  p,  ut'  \  p'  and  ic"  : 

w»ght  to  the  power,  and  is  said  to  be  p"  ;  then  the  proportion  of  the  power 

ereater  or  less  acctn^ing  as  this  ratio  and   weight   in  ttie   complex  machine 

IS  greater  or  less.    It  mieht  be  well  at  will  be  determined  by 

once  to  define  the  mechiLniciil  ufticacj-  to  P. p p'p''  =  W,  to  uf  ir', 

be  the  numerical  quota  uri^^in^  Tri'iii  1)ie  When  we  say  that  a  lever  or  a  sys- 

division   of  the  weight   by  lliu  piiivcr.  tern  of  levers   can    always    be    found 

Thus,  if  the   weight   be   ten   limes  the  which  are   mechanically  equivalent  to 

power,  the  mechanical  etficucy  is  ten.  any  given  machine,  we  would  be  un- 

If  three  times  the  weight  in  equal  lu  derstood  to  mean  only,  that  the  same 

twenty  times  the  power,  the  mei^hanical  piower  will  sustain  the  same  weight  in 

efficacy  is  *  or  6].    It  follows,  there-  each,but  by  nomeans.implyine  that  all 

fore,  that  ihen  this  quantity  is  a  proper  *«  mechanical  functions  of  eacTi  species 

fraction,  what  in  ordinary  cases  la  me-  of  jnadane   can   be   discharged   by   a 

chankal  efficacy,  becomes  ft  mechani-  system  of  levers, 
cal  disadvantage,  as  when  the  wei^t  is 

half  the  power.    We  have  already  seen  Chapter  V.— The  Balance— common 

when  the  power  on  the  lever  is  between  Bakutee  with  equal  Arms— its  requi- 

the  weight  and  prop,  the  machine  acta  titet^sentibilily— Method  of  detect' 

in  this  way   under  a  mechanical  dis-  inga  fraudulent  Bidance — Steel-yard 

advantage.  — Danish  Balance— bent lev^Balance 

(31.)  The  same  lever  admits  of  having  — Brady' t  Balance. 
its  mechanical  efficacy  varied  at  plea- 
sure, by  changing  the  positions  of  the  (32.)  Tub  balance  is  { 
power  and  weight  with   respect  to  the  used   for    determining   tl 
prop,  so  that  it  may  be  made  to  act  with  bodies,  by  showing  their  relation"  t 
any  given  mechanical  efficat^,  or  even  weights  of  some  other  bodies  which  «s« 
with  any medxnioJ  diwdvantiffl.  Iliij  kaown,OTw\uc^u««a«\uaQ\U9rxiKn^ 
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standards  of  weight,  "niis  is  one  of  the 
most  interesting  and  ganeraUy  useful 
npplicalions  of  the  lever,  and  assumes 
various  forms,  according  to  the  nature 
and  magnitude  of  the  substances  whose 
weights  are  to  be  determined,  and  to 
the  degree  of  accuracy  which  is  required 
in  (lie  result. 

The  most  usual  form  of  the  balance 
is  tljat  of  a  lever  of  the  first  AiW  with 
equal  arms ;  so  that  the  substance  to  be 
weighed  being  suspended  from  one  arm, 
and  the  weights  assumed  as  standards 
of  comparison  being  suspended  from 
the  other,  the  equilibrium  will  neces- 
sarily tie  established  when  these  waghts 
are  equal  (14). 

This,  however,  is  only  the  general 
principle  o(\he  common  IJalanee.  In  its 
constnictiun  there  [ire  various  circum* 
stances  to  be  attended  to  which  are  of 
considerable  importance. 

(33.)  The  lever  which  forms  the  ba- 
lance, and  which  is  called  the  beam, 
should  be  so  constructed  that  its  centre  of 


centre  of  gravity  were  itself  the  centre 
of  motion,  the  beam  would  rest  indif- 
ferently in  any  position  ;  whereas  the 
equality  of  the  weights  is  determined 
by  its  assuming  the  horizontal  posi- 
tion. If  the  centre  of  gravity  ven 
above  the  centre  of  motion,  the  least  dis- 
turbance would  cause  the  beam  to 
upset.  {Treatise  I.  chap,  it.) 

The  centre  of  gravity  being,  b*  the 
construction  of  the  l)eam,  beneath  the 
centre  of  motion,  the  hne  joining  it  with 
the  centre  of  motion  will,  when  the 
beam  is  unloaded,  always  setOe  itsdf  so 
as  to  be  in  a  vertical  direction. 

(34.)  'The  substance  to  t>e  weighed, 
and  the  weights  vrith  which  it  is  com- 
pared, are  placed  in  dishes  suspended 
from  points  at  the  extremities  of  the 
beam,  called  the  point*  of  tuipention. 
These  points  should  be  so  placed,  that 
a  straight  Une  drawn  joining  them  shall 
be  perpendicular  to  the  straight  line 
which  IS  drawn  joining  tha  centres  of 


IfSg.  22. 
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gravibf  and  motitm,  and  to  lliai  it  shaU 
be  divided  by  that  line  into  two  equal 

That  is,  if  S  and  S'  (Jig.  £2.)  be  ttit 
points  of  suspension,  m  the  cCntK  ol 
motion,  and  g  the  centre  of  gravi^  of  the 
beam ;  the  lines  S  S'  and  m  g  should 
intersect  at  e  at  right  angles,  and  S  e 
should  be  equal  to  S'c. 

The  beam  being  thus  constructed, 
the  pointf  will,  by  the  properties  of  the 
centre  of  gravity  explained  m  Treatite  I. 
settle  its^  vertically  below  m,  so  that 
m  g  ahsU  tie  perpendieular  to  an  bori- 
lontal  plane.  The  tine  8  S',  brang  per- 
pendicular to  ^tn,  will  in  that  caae  Ite 
horizontal, 

(35.)  In  order  to  exhilnt,  in  using  flu 
balance,  the  direction  of  the  line  m  g 
(Af.  29.)  a  needle  or  index  is  attached  to 
the  beam,  which  sometimes  plays  upon  a 
graduated  arch ;  and  when  A  is  directed 
to  that  point  of  the  arch  which  is  in  a 
vertical  line  passing  tlirough  the  centre 
of  motion,  Uie  line  8  8' will  be  hori- 
zontal, and  the  line  mg,  Vrhich  is  the 
direction  of  the  index,  will  be  vertical. 
This,  as  we  shall  presently  see,  is  the 
position  of  the  balance  which  indicatei 
the  equality  of  the  weights  suspended 
from  S  and  S'. 

Ffg.  23, 

(36.)  The  practical  detenninalion  of 
all  these  circumstances  in  a  beam  is  not 
<li(ficult.  Under  any  circumstances,  tlie 
line  mg,  when  the  beam  is  at  rtat,  will 
Iw  vertical.  In  order  to  determine 
whether  8  S'  is  in  tint  case  horiiontal 
or  perpendicular  to  mg.  let  the  beam 
liesvispended  against  a  i-ertical  plane, 
»nd  mark  Uie  points  on  the  plane  at 
which  8  and  8'  are  placed.  Then  lift  the 
beam  off  its  centre  and  reverse  it  If  it 
be  found  that  S'  exactly  takes  the  place 
of  S,  and  S  of  S',  then  the  line  S  8  is 
horizontal,  nnd  at  right  angle.'  to  m  g 
but  otherwise  tiot.  Toexplamlhisibore 
clearly,  let  us  suppose,  that  the  line  8  S' 
is,  in  the  first  instance,  not  po^ndicular 
to  Biy.but  that  it  deviates  from  the  per- 
pendicular ac  by  the  angle  Sea.  Let 
the  position  of  the  points  S  and  S'  on 
the  vertical  plane  against  which  tiu 
beam  is  suspended  \x  marked,  and  lei 
&e  beam  be  reversed.  When  reveraed. 
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it  will  assuDM  the  position  ret««aente(l 
by  llie  faint  line,  tlie  arm  B'c  being  as 
much  above  the  horizontal  line  a  e  as  it 
was  when  on  the  other  side  above  the 
horiiontal  hne  dc ;  but  that  is  evidently 
•s  much  as  the  arm  Sc  was  below  the 
horizontal  line  a  c.  Hence,  it  is  quite 
apparent,  that  if  the  positions  of  the 
points  8  and  S'  below  and  above  the 
lioe  a  e  before  and  after  reversion  be 
noted,  half  the  anKle  S'eS  wiU  be  the 
deviation  of  the  line  8  c  or  S  8'  from 
the  perpendicular  aa'. 

(37.)  A  process  somewhat  similar  to 
this  serves  to  determine  the  deviation  of 
the  index  from  the  direction  of  ttte  line 
ginfjig. 24.)  Suppo.^e  that  the  previous 
adjustment  ha.«  b^n  made,  ana  that  the 
line  SS' is  perpendicular  to  gm;   but 

Fig.  8J. 


by  the  equal  weights,  will  give  equal 
products,  ajid  tlierefove  the  weights 
will  have  equal  tendencies  to  turn  (lie 
macliine  in  opposite  directions  round  Ihe 
centre  of  motion  m,  and,  consequonlly, 
they  will  mutually  destroy  each  other's 
effects,  and  the  instrument  will  maintain 
the  position  it  had  when  unloaded. 

But  let  us  consider  what  would  be 
the  Eonsequence    if    unequal   weights 
ipendedfromSandS'.   Let  W  be 


let  V 


Mndedfrom  S,  andW&om8',  and 


ength  of  til 
The  tend. 
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still  that  the  index  mv  deviaUa  from 
the  direction  of  ^  m  by  the  angle  bmw. 
It  is  necessary  to  determine  praeticBlly 
whether  any  such  deviation  exists,  and 
if  so,  to  what  amount. 

As  before,  suppose  the  beHti  nm^ 
pended  a^inst  a  vertical  ^ane,  and  the 
position  of  the  point  v  marked.  Let  th* 
beam  be  reversed,  and  the  index  will 
assume  the  position  mv',  deviating  m 
much  to  the  left  side  of  the  tme  diree* 
tion  mb  aa  it  before  deviated  to  th« 
right.  The  point  tt'beingthen  marked, 
the  angle  vmv  will  be  twice  the  deri-- 
ation  of  the  index  from  its  true  poiition. 

Hie  common  commercial  balance  is 
usually  sustained  upon  a  loop  of  meta) 
on  which  the  tieam  rests  by  a  knife 
edge.  In  this  case,  when  the  bean  ii 
unloaded,  the  index  ought  to  settle  ex- 
actly between  the  sides  of  tiie  loop,  and 
it  should  always  be  in  this  position 
when  equal  weights  are  suspended  from 
8  and  S'. 

(38.)  The  several  adjustments  which 
we  have  now  described  being  made,  it 
will  be  evident  that,  when  equal  weights 
are  suspended  from  S  8',  the  beam  will 
maintain  its  horizontal  position.  For 
the  perpendicular  distances  of  the  ver- 
tical lines  througfa  S  and  S*,  whidi  ate 
the  directions  in  whic^  the  wei^ts  aist 
are  equal,  being,  in  fact,  8  a  and  8  C. 
Hence  tfaeae  dmincesy  when  nn^ipli^ 


and  S'  c  be  a. 
tendency  of  the  weight  W  to  de- 
fHiBB  the  arm  St.  is  measured  by  the 
productofUiis  weight,  end  the  lengtha  of 
the  EU-m  8  e  orW  x  a;  and  the  tendency 
of  the  wei^t  W  to  resist  this  is  tlie 

roduct  of  the  weight  W'  and  the  arm 
e.  or  W  X  a.  Now,  as  W  is  greater 
than  W',  the  product  of  W  and  a  must 
b«  greater  than  the  product  of  W'  and 
a,  and  therefore  the  tendency  of  W  to 
depress  the  arm  S  c  is  greater  than  the 
tendency  of  W'  to  resist  that,  and  there- 
fore the  arm  8  c  will  fall  and  S'  c  will 
rise. 

I(  !ip)>i',i)s,  lliLielbre,  Unit  if  Ihe  ba- 
liinec  bL  pi-operly  constnitled,  and  the 
several  odjnstnients  which  we  have 
pointed  out  be  attended  to,  it  will  only 
maintain  that  position  in  which  the 
beam  is  horizontal,  and  llic  index  ver- 
tical, when  loaded  with  equal  weights ; 
but  that  if  either  w^ght  be  greater  than 
tlie  other,  it  will  always  incline  in  the 
direction  of  the  greater  weight. 

Tlie  nmtibilily  of  a  balance  is  mea- 
sured bv  the  smallness  of  tlic  difference 
of  weielitB  which  turns  the  index  from 
its  unloaded  position  m  o,  and  by  the 
greatness  of  the  deviation  k  mo  from 
the  unloaded  position  which  that  dif- 
fei*nce  produces.  To  I'xplain  this  more 
fully,  let  us  su])pose  that,  W  being  graater 
than  W,  the  beam  rests  in  equilibrium 
in   tlie  position   represented  in  ^,  25, 
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Let  the  weight  of  <he  entire  beam  be  G.  the  weight  of  the  beam  O  acting  ^ith 
Through  m  let  a  line  a  ma' be  conceived  the  leverage  6  w.  Hence  it  follows, 
to  be  drawn  perpendicular  to  the  direc-  that,  all  other  things  bein^  the  same,  the 
tions  of  the  wei^ts,  and  therefore  hori-  sensibili^  of  a  balance  will  be  increased 
zontal.  Through  c  draw  cd  perpendi-  bydimimshing  the  weight  of  the  beam, 
cular  to  a  a',  and  therefore  parallel  to  and  by  diminishing  also  the  distance 
Sa  and  8' a',  and  parallel  to  the  same  mg  between  the  centres  of  gravit^r  and 
lihefs  let  ^  6  be  drawn.  The  machine  is  motion,  for  that  will  evidently  diminish 
thus  maintained  in  equiUbrium  on  its  the  leverage  m  b, 
centre  m  by  three  weights,  viz.  W  in  the  Another  cause  which  resists  the  efl^ 
direction  a  S,  W  in  me  direction  S'  a*,  of  W  is  the  relatively  increased  leverage 
and  G  acting  at  the  centre  of  gravity  of  W.  This  will  be  diminished  % 
{Treatise  I,  chap,  iv.)  of  the  beajm,  and  diminishing  md  (d  being  the  middle 
in  the  direction  o^.  The  weight  W  tends  point  of  a  a')  or  c  m,  that  is,  by  dimi- 
to  turn  the  system  round  in  one  direction,  nishinff  the  distance  of  the  line  which 
and  the  weights  G  and  W  tend  to  turn  joins  the  points  of  suspension  from  the 
it  round  in  the  other  direction ;  and  centre  of  motion, 
since  these  tendencies  mutually  coim-  (40.)  To  those  students  who  have 
teract  each  other,  the  product  Wxam,  attained  a  slight  knowledge  of  the  most 
of  tlie  weight  W  and  its  leverage  a  m  elementary  parts  of  mathematical 
must  be  equal  to  (W'xa'i?i+Gx6m)  science,  the  following  investigation  of 
the  sum  of  the  products  of  the  wei^ts  the  circumstances  which  reeukte  the 
W  and  G  multiplied  into  their  respective  sensibihty  of  the  balance  wiU  be  more 
leverages  a'  m  and  6  m.  satis&ctoiy  than  the  popular  explana- 
Since  c  is  the  middle  point  of  the  line  tion  which  we  have  just  attempted  to 
SS',  and  since  Sa,  co,  and  S'a'  are  eive.  Those  students  who  are  not 
parallel,  d  must  be  the  middle  point  of  Suniliar  with  elementary  mathematics 
llie  line  a  a',  and  therefore  am  will  be  will  pass  over  this  article, 
obviously  less  than  a' m,  and  therefore,  in  Let  the  angle  omv,  by  which  the 
the  present  position  of  the  beam,  W  acts  index  is  deflected  from  the  vertical  po- 
with  a  less  leverage  than  W.  A  little  sition,  be  D.  Let  gm=d,cfn^b,  and 
attention  to  the  figure  will  show  that,  as  S  c  or  S'c^a.  Since  the  an^es  tncd 
the  weight  W  depresses  the  beam,  it  and  mgb  Bxe  each  equal  to  D,  by  the 
continufuly  loses  its  leverage,  and  that,  paralleDs,  and  the  angles  d  and  o  are 
on  the  other  hand,  W  is  continually  right,  we  have  ^m=6  sin  D,  and  6  m= 
gaining  leverage  on  W.  Besides  this,  dsin  D.  Also,  since  the  angles  formed 
the  weight  of  the  beam  G,  which,  in  the  by  the  lines  S  S'  and  a  a'  are  ecjual  to 
unload^  position,  had  no  leverage,  that  formed  by  mv  and  mo,  which  are 
gains  leverage  continually  as  W  de-  respectively  perpendicular  to  the  former, 
presses  S,  and  conspires  with  W  in  that  angle  is  equal  to  D,  and  since  the 
resisting  the  descent  of  S  hythe  force  angles  at  a  a'  are  right,  we  have  S  S',x 
of  the  heavier  weight  W.  This  being  cos.  D=aa',  or  aa'=2acos.  D,  uid 
the  state  of  the  forces,  they  must  come  ^erefore  ad=a  cos.  D.  But  a  m^a  d 
to  equilibrium  after  the  beam  has  turned  — md-acos.  D— 6  sin  P,  and  i/m= 
from  its  unloaded  position.  Now,  the  ad-\-md=a  cos.  D+6  sin  d. 
^ater  the  deviation  of  the  beam  from  Now,  suppose  that  the  weight  W  con- 
its  unloarled  position,  when  it  attains  sists  of  two  parts,  one  equal  to  W',  and 
the  state  of  equilibrium,  the  greater  will  therefore  the  other  £  to  the  difiference 
be  its  sensibility,  the  difference  of  the  between  W  and  W  :  the  combined 
weights  bein^  the  same.  The  sensibihty  effect  of  that  part  of  W  which  is  equal 
then,  it  is  evident,  will  be  increased  by  to  W,  and  of  W'  itself,  will  be  the  same 
diminishing  those  causes  which  resist  as  if  2  W'  acted  at  the  middle  point  e 
the  deflection  of  the  beam  from  its  un-  of  the  beajn,  and  with  the  leverage  m  d, 
loaded  position  by  the  heavier  weight  W.  Hence  the  condition  of  equilibrium  will 
One  of  the  principal  of  these  causes  is  be 

Exam=  2W'xmrf+Gxm6,  or 

E  (a  COS.  D— 6  sin  D)  =  2  W  6  sin  D+Grf  sin  D. 

Dividing  this  entire  equation  by  cos  D,  observing  that  ^"^      =  tan.  D 

cosD. 
we  have  E  (a  — 6  tan.  D)  =2  W  b  tan.  D  +  G^tan.D. 

Vtan.DJ(E-|-2  W0  6+GrfJ=:Ea.  *'^'^_.     .  ^ 


F^g.  26. 


(41.)  FVom  the  result  of  this  Jnvesti- 
galion,  the  student  will  find  no  diffi- 
cultf  in  drawing  the  following  conclu- 

1.  That  all  other  thbgs  bdn^  the 
Mme,  the  sensilnlity  of  a  balance  is  in- 
creased by  increasing  the  lengths  of  its 


2.  'niat  aH  other  things  bong  the 
lame,  the  sensilnlity  is  increased,  dimi- 
nishing  the  weight  of  the  beam. 

3.  That  the  sensibility  is  increased 
by  diminishing  the  distance  between  the 
centres  of  gravity  and  motion. 

4.  That  the  sensibility  is  increased 
by  diminishing  the  distance  of  the  line, 
joining  the  points  of  suspension  from 
the  centre  of  motion. 

b.  Thatthe  sensibilityisgreaterwhen 
the  load  is  smaller. 

We  cannot  here  pursue  this  subject 
further,  although  numerous  other  in- 
teresting consequences  might  t>e  de- 
duced. We  have  supposed  that  the  line 
joining  the  points  of  suspension  is  below 
the  centre  of  motion.  This  is  not  al- 
ways the  case,  and  when  it  is  atwve  it, 
the  formula  which  we  have  obtained 
for  the  sensibility  liecomes 

Un.  D         o 

E     "UJ— (2W'  +  E)l. 

We  leave  the  mathematical  student 
to  pursue  the  eStets  of  this  modification 
(HI  the  sensibility. 

(42.)  In  the  practical  construction 
of  a  balance  of  a  high  degree  of  sensi- 
bility for  philosophical  purposes,  there 
are  many  circumstances  to  be  attended 
to,  which  are  properly  enough  n^lected 
in  balances  used  for  commerd^  pur- 

Fig.  2E.  is  a  representation  of  a  \ery 
sensible  philosoplucal  balance,  bv  whicn 
very  minute  diflerences  of  weight  may 
be  determined.  The  beam  8  S'  has  arms 
of  equal  length,  and  of  perfectly  equal 
and  similar  figures.  It  is  verv  accu- 
rately placed  upon  knife-edges  at 
m,  whidi  rest  upon  highly-polished 
plates  of  hardened  steel  The  beam 
IS  only  allowed  to  rest  upon  the  plates 
when  in  use.  Two  forks  are  placed 
under  its  arms  at  G  G',  supported 
by  vertical  pillars,  which  when  raised 
by  screws  which  are  represented  at  the 
foot  of  each  pillar,  will  lift  the  beam 
from  the  plates  on  which  the  knife-edges 
rest.  By  tliis,  the  wear  arising  fiom 
the  contmued  preasure  of  the  edges  on 


the  plates  is  avoided.  A  needle  or  index 
is  attached  to  the  centre  m  and  playa 
upon  a  graduated  arch  below,  and 
points  to  lero  on  the  arch  when  there 
IS  exact  equilibrium.  A  balance  such 
as  this  is  generally  inclosed  in  a  glass 
case,  and  only  opened  sufficienllv  to  in- 
troduce into  the  dishes  the  weights  and 
substances  to  be  weighed. 

(43.)  Commercial  balances  are  fre- 
quently misconstructed  for  fraudulent 
purposes,  by  making  the  arm,  fi^imwhidi 
the  substance  to  be  weighed  is  suspended, 
longer  than  that  from  which  the  counter* 
poise  is  hun  g,theretiy  giving  t  he  subs  lance 
to  be  weighed  a  greater  leveiwe  and  en- 
^ling  it  to  support  a  counterpoise  propor* 
tJonaS);  greater  than  itself.  The  end  to 
be  attained  by  the  use  of  such  a  balance 
may  t>e  defeated  in  several  ways.  If  the 
ot^ect  be  merely  to  detect  the  fraud,  it  will 
be  sufficient,  ailer  equilibrium  has  been 
established  between  the  substance  to  be 
weired  and  the  weights,  to  transpose 
them,  and  put  the  substance  to  be 
weighted  in  the  dish  in  which  the  weights 
wen,  and  met  verti.  If  the  balance  be 
honestly  constructed,  the  equilibrium 
will  be  undisturbed  ;  but  if  it  be  traudu- 
lent,  the  substance  to  be  weighed  will 
preponderate,  since,  after  the  transposi- 
tion, it  will  have  the  greater  leverage. 
But  if  the  object  be  not  alone  to  detect 
the  fraud,  but  to  ascertain  the  true 
weif^t  of  the  substance,  let  thp  counter- 
poise which  will  produce  equilibrium 
after  transposition  be  found,  and  let 
this  and  the  former  counterpoise  l» 
reduced  to  the  same  denomination  of 
weight,  and  let  the  two  counteipoisea 
thus  expressed  be  multiplied  together, 
and  tbe  bi^uwktooX  ot  utft^Ro^fft.vt:' 


18  MECH 

iracted ;  that  square  root  will  be  the 
true  weight.  Tfnis.  for  example,  if  one 
counterpuiBB  he  7lb3.,  and  the  other 
9)lbs.,  the  product  7  x  9tlbs.  is  64,  the 
square  root  of  which  is  8.    Hence  Slbs. 

19  the  true  weieht. 

To  prove  this,  let  a  and  &  be  the 

anni,  A  and'B  the  two  counterpoise;!, 

and  X  the  true  weiofat.    We  have 

I :  A  : :  o    A. 

B  :  X  : :  a  :  6. 

Hence  we  may  infer,  that 

x:  A  -.-.B-.x.  

.■.x'=AB.x  =  ^AB. 

IndependenQy  of  finding  the  true 
weight,  or  deteclinK  the  Uet  at  a  balance 
beins;  fraudulent,  there  are  several  ways 
in  which  the  design  of  the  vender  may 
be  defeated. 

Let  the  substance  to  be  piur^ased 
be  bought  in  tivo  quantities  noujinally 
equal.andleLtlu^Mibi;  neighed  in  diifereiit 
dishes ;  the  resim  will  be,  that  ihe  buyer 
will  always  get  more  than  tliejust  quan- 
tity, in  proportion  as  the  balance  is  more 
fraudulent.  Thus,  sup^iose  that  the 
arms  of  the  balance  were  m  the  propor- 
tion of  11  to  12,  and  that  two  pounds 
of  any  substaniie  be  weighed  in  different 
dishes,   ihe  counterpoise  in  eaeh  case 


I.  pound,  and  in  the  other  twelve- 
eleventlis  ;  so  that  in  one  portion  ha 
nil!  receive  one-twelfth  less  than  one 
pound,  and  in  the  other  he  will  receive 
one-eleventh  more  than  a  pound.  14 ow, 
one -eleventh  being  more  than  one- 
twelfth,  he  will,  on  tlie  whole,  receive 


twelfth,  or  by  -r—  of  a  pound. 

In  general,  let  o  6  be  the  arms,  W 
the  counterpoise,  and  x  and  y  the  two 
portions,  nominally  equal, 

a?:W::a:6.-.a!=  W.= 
y:  W::&:a.-.y- W.  J 
Hence  we  find. 

How,  the  sum  of  a  numlier  and  its 
reciprocal  is'  always  ^reater  than  2.  and 
thn^fore  x  t-  //  is  greater  than  2  W. 

But  the  best  way  of  ascertaining  the 
true  weieht  of  a  substance  with  a  Iraiid- 
ulent  bclance,  or  indeed  with  any  com- 
mon balance,  is  to  place  the  substance 
in  one  dish,  and  accurately  counter- 
poise it  with  fiue  sand  in  the  other. 
Then  take  out  the  substance  to  be 
weighed,  and  leplace  it  by  the  weights 


with  which  it  is  to  be  compared ;  and 
Ihe  equihbrium  bnng  produced  l>y  them. 
the  true  weight  will  thus  be  determined, 
independent  of  all  imperfection  of  the 
instnmient. 

(44.)  Beside*  the  common  balance 
with  equal  arms,  there  are  yarious  other 
modifications  of  the  lever  used  for  de- 
termining the  weights  of  bodies.  We 
have  alr^dy  described  one  (the  Weigk- 
ing  Machine,')  for  ascertainui^  ven 
great  weiglits.  Those  whicli  we  shafi 
now  destribe  are  suited  to  ascertain  the 
weights  of  smaller  quantities. 

The  Roman  balance,  or  the  common 
steel-yard  (Jig.  27.)  consists  of  a  beam  or 
a  bar  of  ironrestingupon  knife-edgesor 


Bpivot.  and  having  one  arm  much  longer 
Ihan  the  other,  \Ve  shall  first  suppose, 
that  Ihe  shorter  arm  is  rendered  so  neavy 
as  to  balance  Ihe  longer  arm  when  the 
instrumentis  unloaded,  and  that  in  that 
stale  the  beam  is  horizontal.  A  hoot  is 
fixed  upon  tlie  shorter  arm,  fivmwhidi 
the  substance  to  lie  weighed  is  to  be 
suspended,  andndeterrainate  andmove- 
al)le  weight  P  slides  on  the  longer  ann. 
Equilibnum  is  established  by  moving 
the  sliding-weight  P  from  the  centre  0 
until  it  acquires  such  a  leverage  that  it 
S'ipporls  the  WMglit  W.  The  arm  G  B 
is  eradualed.  so  that  it  indicates  the 
amount  of  the  weight  W  at  Ihe  point 
where  the  sliding-weight  supports  it 

The  principle  of  this  machine,  and 
Ihe  method  of  graduating  it,  are  very 
simple.  By  the  ^neral  property  of  the 
lever,  the  condition  of  equilibrium  is, 
that  Ihe  weight  W  multiplied  by  its  dis- 
tance VI  from  Ihe  fulcrum,  is  equal  to 
the  eounlerpoise  P  multiplied  into  its 
distance  p  from  the  fulcrum,  or  W  x  w 


=  P  xp.    Now,  abce  the  distance  t*  of  the  effort  of  P  to  depress  the  arm  G  B, 

the  weudit  from  the  fiilcniin  aliray*  re-  which  effort  is  measured  by  the  product 

mains  the  *une,  and  since  the  counter-  of  F.  and  the  distance  of  P  trom  G. 

poise  P  is  not  chan^,  it  foUows,  Quit  Let  Uie  distance  of  P  trom  F  be  p,  and 

m  whatever  proportion  W  is  increased  ila  distance  from  G  will  be  p  +  /,  and 

or  diminished,  p  must  be  increased  or  theproductjust  nientionedisPx(p+y;) 

diminished  in  exactly  the  same  propor-  or  trie  sum  of  the  products  P  x  p  and 


diminished  in  exactly  the  same  propor-    or  trie  sum  of  the  products  P  x  ^  and 

tion,  in  order  to  sustain  the  equali^  of    P  x /.    Thus,  we  have 

the  products  we  have  just  mentioned ;        Wxw  +  exd^Pxp+Pxf. 


that  is.  if  W  be  doubled  or  trebled,  t>        But  it  was  before  stated,  thai  P,  at 

must  be  likewise   doubled  or  trebled,  the  distance  /,  balanced  the  unloadect 

and  so  on.  benm  ;  and  therefore  Px  /,  which  mea- 

If.  then,  it  berequired  to  graduate  the  sures  the  effort  of  P  to  depress  the  arm 

■led-jard  so  as  to  mdicale  to  the  exact-  G  B,  is  equal  to  gx  li,  which  mea'iiires 

ness  of  onnces,  let  one  ounce  be  bus-  the  effort  of  the  weight  of  the  beam  io 

Ftded  from  C,  and  kt  Qie  countentoise  deprts»  tho  arm  C  G.  Hence  the  equals 

be  moved  towards  O  until  the  beam  g  x  d  tmd  P  x/ being  taken  from  the 

rests  in  the  horizontal  position,    llien  former  equals,  we  have  remaining 
let  two  ounces  he  suspended  from  C,  Vl  x  w  =  P  x  p. 

and  move  the  counterpoise  P  from  G       Hence,  in  whatever  proportion  W  is 

until  the  tieam  rests  as  before.    Having  increased  or  diminished,  p  must  be  in- 

marbed  two  divisions  at  the  two  posi-  creased  or  diminished ;    but  p  is  the 

tions  of  the  counterpoise  thus  obtained,  distance  of  the  counterpcase  P  from  F, 

let  the  whole  length  of  the  arm  GB  he  that  position  in  w'hich  it  balances  the 

divided  into  equal  divisions  at  the  same  unloaded  beam.     From   that   point  F, 

distance,  and  the  number  of  any  divi-  therefore,  the  graduation  must  com- 

sion,    tieginning    from    that  whiCh   is  roence. 

nearest  to  G,  will  give  the  number  of  If  the  ciiitre  of  gravity  be  in  the 
ounces  which  the  counterpoise  P  placed  longer  arm,  1Kl>  grndu.ition  will  com- 
at  that  division  will  sustain.  mence  from  Itiat  point  in  the  shorter 
If  the  centre  of  gravity  of  the  beam  wm  at  which  the  counterpoise  will 
t>e  not  at  or  under  the  fulcrum,  the  gra-  balance  the  unloaded  beam.  For,  nin- 
duation  must  be  effected  difibrenUy.  pose  thii'  position  to  be  D,  and  the 
First,  let  us  suppose  that  the  centre  of  oentra  of  gravity  of  the  beam  to  tie  F, 
^vity  of  the  beam  is  at  D  at  the  same  the  distances  G  D  and  G  F  being  de- 
side  of  the  fulcrum  with  the  weight  In  nominateJ  as  licforc.  suppo-^e  the  coun- 
that  case  the  end  C  of  the  heaia  will  terpoise  first  suspended  a1  D;  a  weight 
preponderate  wlien  unloaded.  Let  F  be  W  being  suspended  from  C,  let  the 
the  nkce  at  which  the  counterpoise  P  counterptiUo  be  muvod  towiiids  G  until 
must  be  suspended  in  co^er  to  keep  the  eq^uilibnuui  i^  fsiiibhshtil.  First  let 
unloaded  beam  horizontal,  and  let  G  F  this  take  place,  when  Pis  tietweeoD  and 
be  called/.  As  before,  let  the  steel-yard  G,  and  let  the  distance  of  P  from  Dlxp. 
be  graduated  to  ounces.  The  counter-  Th«n  we  have 
poise  P  being  placed  at  F,  let  one  ounce  W  x  yi  -f  P  x  i'^—P)  —g  ><  /> 
oe  suspended  from  C.  and  a  division  or  W  x  (c+P  xd  —  P  xp  =  gx/; 
Uvi^g  Been  marked  at  F,  let  the  coun-  adding  to  both  these  equals  P  x  p,  we 
lerpoise  be  moved  from  G  until  equili-  obtain 

brium  is  established.    Let  the  second     Wxu+Pxd+Pxp  —  Pxp  = 
livision    be  marked  at  that  position.  fx/+Pxp, 

After  this,  let  the  divisions  towards  B      or  W  xm+F  x  d  =  g  x  /+  P  x  p. 
X  Gontmued  at  equal  distances,  and  the        But,  since  the  product  P  x  d  repre- 

lumber  of  any  division  beginning  from  sents  the  effort  of  the  counterpoise  at 

F  will  be  the  number  of  ounces  which  D  to  depress  the  arm  C  G,  and  G  x/ 

Jie  counterp<use  P  placed  at  that  divi-  represents  the  effort  of  the  weight  of  the 

don  will  sustain:  fbriettGedisttoccDG  beam  to  depress  the  arm  GB,  and  these 

>e  d,  and  kt  ^  be  the  wei^t  of  the  efforts  are  equal,  it  foUowa  that  the 

rteel-^trd :   the  whole  weirfit  acting  at  produrts  P  x  d  and  g  xt  are   equal. 

0,  its  effort  to  depress  the  arm  C  G  These  then  being  taken  from  the  last 

■   measured    by   the    product  g  x  d.  equals,  there  remains 
ilso,  the  effort  of  W  to  depress  the  Wxto^Pxp. 

um  is  measured  by  the  product  W  x  to.  Hence,  in  whatever  proportion  W  is  in- 

rhese  twoeiforts  are  eounteraclBd  ty  creased.pmiutbeinci^atA'm'i^^uaft 

c  \ 


proportion ;  &nd  since  p  is  measured  For  example,  let  a  be  IS  inches,  iiid 
mim  D,  the  graduation  must  commence  j^  be  S  lbs. — the  distances  of  the  divi- 
Aom  that  point  sions  correspcmding  to  1,  3,  3,  and  4 

The  same  will  be  true  if  the  counter-    lbs.  from  x,  will  be 

fjise  be  on  the  longer  arm ;  but  our  18        IB  36 

mits  compel  us  to  leave  the  further  in-        ^^e+T^T"    *     *~   a"^   * 
vestigatiou  to  the  student.  54  72 

It  IS  evident  that  there  is  a  limit  to  '!  =  -^  =  i      *=  ^q=  ?i  ; 

the  weight  whichcan  be  determm^by  ^eM  Myeral  numbers  expr«ssin{;  in 
Uuamaclune.  When  the  counterpoise  bches  the  distances  of  the  severiil  di- 
has  been  brought  to  that  division  which    yjsjQng  tram  C 

is  nearest  to  B,  it  sustains  the  grcatort  This  instruiAent  may  be  graduated 
wcifjht  which  It  19  capable  of  deter-  ^jpenmentally  by  suspendinf  from  A 
mmmg.  There  are  two  ways  of  esb-  suJ^^dy  ,^  2^3,  £;.  *  j..  and 
mating  greater  we^hls  than  this,  either  f^^^^^  ^'  ^^  ,^g  J£;„  ^j  ^^ 
by  usmg  a  heavier  counterpoise,  or  by  f^icnSi  ihich  will  produce  equili- 
having  another  point  of  suspension  on  Ujiuj- 
the  shorter  arm  nearer  to  the  fulcrum. 
It  is  evident  that  either  will  have  the 
desired  efieut. 

(43.)  The  Danith  balance  is  a  steel- 
yard, in  which  the  counterpoise  is  fixed 
rn  one  position,  tnit  the  fulcrum  ia 
moveable.    It  is  represented  in  Jig.  28, 


Fig.  IS. 

Let  C  be  the  centre  of  gravity  of  the 
unloaded  beam,  and  let  the  distance  C 
Qhex.  The  efibrt  of  the  weight;  ofthe 
beam  to  depress  the  arm  is  then  g  x  x. 
the  effort  of  W  to  depress  the  other 
armisWx  AG.orW  X  (AC-CfC). 
Now,  let  A  C  t>e  called  a,  and  the  con- 
dition of  equilibrium  will  t>e 


g^ 


■Vfa 


(4G.)  Hence  maybe  deduced  the  method 
of  graduation.  The  divisions  must  ob- 
viously commence  from  C,  since  when 
the  loop  is  there  it  poises  the  unloaded 
beam.  If  it  be  required  to  be  graduated 
for  pounds,  let  the  weight  of  the  instru- 
ment g  be  expressed  in  pounds,  and  let 
(I.  the  distance  C  A,  be  expressed  in 
inches.  First,  suppose  W  to  be  one 
pound,  and  we  have 

■^"fl-+  I 

If  we  suppose  W  to  be  successively  2, 

3,  4,  &c.  pounds,  we  have 

_    g  o 

''~g+2 

3  a 

'=  -^  ««• 


(47.)  The  bml  lever  balanee  u  ■*- 
prewnted  in^.39.  The  substanoa  to 
be  weighed  is  placed  in  a  diah  F,  aiu- 
pended  from  the  arm  of  a  bent  kvw 
at  L,  The  other  arm  C  D  is  temiiiiated 
in  a  heavy  knob,  which  pUvs  upon  a 
graduated  arch  G  H.  As  the  wei^t 
depresses  the  arm  C  A.  it  is  so  non- 
stnicted,  that  the  leverage  of  W  is 
constanUy  diminished  ;  and  since  D  is 
moved  up  the  arch,  its  levera^  is  oon- 
stantly  bcreased.  When  D  Acquires 
such  a  position  that  it  counterpoiKi 
the  weignt,  the  division  to  whicn  the 
index  points  on  the  graduated  ucfa 
expresses  the  amount  of  the  weight. 

To  graduate  this  instrument,  let  the 


P  ii  unloaded.  Then  let  the  dish  be 
successively  loaded  with  1,  2,  3,  Sec. 
|HMmda  w  o>ii\ce«,  or  vitisievcr  denomi- 
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Chaptkb  VI.  The  Axle  in  the  Whett 
— Methods  of  appli/iTig  the  Power — 
WtTidlast —  Capstan  —  Pressure  on 
the  Pivots— Dejects  of  this  Machine- 
Method*  of  renurvifig  tkem^-Method 
of  Regulating  the  farialioa  of  a 
Pow  "     ■  ■ 


Power  or  Besisltmce. 


f  severe  force,  act- 


nation  of  weight  it  is  designed  that  the 
divisions  should  indicate  ;  and  the  suc- 
cessive positions  of  the  index  will  deter- 
mine the  divisions. 

A  method  of  grndualing  tlie  arch 
may   be    derived   fiom    nmlhematical 
investigation,  independently  of  experi- 
ment, but  we  cannot  introduce  it  here. 
<4S.)  We  shall  conclude  this  chapter 
with  the  description  of  a  mare  modem    (49.)  When  a  very 
instrument,  somewhat   similar   to    the    ing  through  a  smsJl  space,  is  required 
l>ent  lever  balance.     Brady's  balance  is     to  oe  produced  hy  a  compariLtively  small 
represented  in  _/If .  30.     BCD  is  an    power,thecommonlever,whethersiniple 

or  complex,  is  a  machine  well  adapted 

to  produce  the  effect.  But  the  defect 
offiiisen^neis.thai,  under  all  circum- 
stances, it  works  through  a  very  limited 
space,  and  that  the  action  of  the  power 
is  almost  necessarilyintermitfing.  Thus 
if  a  weight  is  to  be  raised  by  a  lever, 
the  prop  or  iiilcrum  is  generally  placed 
somewhat  above  the  point  at  which  the 
working  end  of  the  lever  is  to  be  applied 
to  the  weight  The  end  to  which  the 
power  is  applied  is,  therefore,  above  the 
ftilcram.  On  depressing  that  extremily, 
the  wejght  is  raised  until  the  end  at 
which  me  power  is  applied  is  a  little 
below,  and  that  which  su.stains  the 
wei^t  a  little  above  the  fulcrum.  The 
wei^t  must  then  be  supported  by  some 
other  means  until  the  fulcrum  be  raised 
above  it,  and  another  similar  exertion 
of  the  power  be  made. 

(SO.)  To  remove  this  inconvenience 
a  modification  of  the  lever,  called  tha 
axle  in  the  wheel,  is  used.     This  ma- 


tron frame,  heing  much  thidcer  and 
heavier  towards  B  than  in  the  other 

parts.  If  is  supported  upon  a  fulcrum 
G.  and  F  is  a  moveable  svispendiT  to 
ivhich  a  scale  or  liook  is  attached  to 
receive  the  substance  to  be  weighed. 
There  are  Uirce  distinct  positions,  H 
F  I,  in  which  tins  suspender  may 
be  placed,  and  for  which  there  are 
three  distinct  graduated  scales.  When 
a  wright  is  suspended  from  the  hook, 
or  placed  in  the  dish,  the  machine  is 
turned  round  the  fulcrum  G,  and  the 
side   C  descends   until  equilibrium   i 


Fig.il. 


established,  and  the  weight  is  read  oif    chine  consists  of  a  cylinder  A  C,  and  & 

"    ■         ■       '  *  '  esponds  lo    wheel  B  D,  having  the  same  axis,  atthe 

extremities  of  which  are  points  on  which 


from   that   scale  wliich   i 
the  position  of  the  suspender. 

One  scale  showstheweighta  of  bodies  the  whole  may  turn, 

not  exceeding  two  pounds,  and  is  gta-  Fig.  31  is  a  section  of  this  machme, 

duated  to  ounces ;  another  determines  taken   in   the  plane  of  the  wheel ;  and 

weights  not  exceeding  eleven  pounds,  &.  32  is  a  projection   on  a   p'ane   at 

and  is  graduated  to  two  ounces  ;   and  right  angles  to  the  wheel.     The  power 

the  third  determines  waghta  not  ex.  P  is  applied  at  the  circumference  of  the 

ceediflg  thirty  pounds,  and  ii  graduated  whed,  and  generally  in  the  direction 

also  to  four  ounces.  B  P  of  the  twgeaV    fc.  wciSs  -ww^^ 


■bout  the  eylindo-,  and  i»  the  means  by 
which  the  weight  ii  to  be  raised,  or  the 
resiatonce  overcome. 


It  is  eridentlv  only  a  modification  of 
the  lever,  as  will  ^)pear  by  reference  to 
(7,)  and  the  condition  of  its  equilibrium 
immediatelv  foUowi  from  the  general 
principle  tiiere  established.  Let  R  be 
the  radius  of  the  wheel,  and  r  that  of 
the  axle,  and  the  condition  of  equili- 
brium is  P  X  R  =Wxr;  that  is,  the 
power  multiptied  by  tht  radiiu  of  the 
wheel  it  enttal  to  the  aeight  muttipiied 
bg  the  radiiu  of  the  arU. 

Thus,  if  the  power  be  two  pounds, 
and  the  radius  of  the  whed  12  inches, 
and  the  weight  8  pounds,  and  the  radius 
of  the  axle  3  inches,  there  will  be  equi- 
librium, each  product  beiiig  34. 

This  condition  is  sometimes  express- 
ed otherwise ;  thus,  that  the  power 
must  have  to  the  weight  the  same  ratio 
as  the  radius  of  the  wheel  has  to  the 
rertius  of  the  axle,  or 

P  :  W  :  :  r  :  R. 

(Al.)  It  is  easy  to  perceiTe  that  this 
machine  furnishes  an  instance  of  the 
principle  of  virtual  velociliet  already 
alluded  to  (3.)  In  one  revolution  of 
the  wheel,  the  powerdescends  toamace 
equal  to  the  circumference  of  the  wheel, 
and  the  weight  is  raised  through  a  space 

Sual  to  the  circumferenoe  of  the  axle, 
ince,  the  velocity  of  tht  power  is  to 
the  velocity  of  the  vfeighl.  as  llic  cir- 
cumference of  the  whe3  h  to  I  he  cir- 
cumference of  the  axle.  But  the  cir- 
cumferences of  circles  are  its  Iheirradii, 
and  therefore  the  velocity  (V)  of  the 
povrer  is  to  the  velocity  (ti)  of  the 
weight  as  the  radius  of  tfts  wheel  is  lo 
that  of  the  axle,  that  is 

-V  iv::R:  r. 
By  what  has  bem  already  prared.  the 
wei^  is  to  the  povrer  in  the  same  m> 
fiorBoj^  aad  Ouivlbn  *«  biri 


W  :  P :  :  V  :  e. 

orPxY  =  \V  xv; 
titai IS,  tlu power  mul'iplied  b)/  Iheve- 
locily  of  iive  pnuer    i»  tqaal   to  tht 
tceight  mu/liplifd  by  ihevehxity  of  tht 

(53.)  The  axle  in  the  whed  has  beea 
not  improperly  called  the  continual  or 
perpetual  lever,  becwiie  the  motion 
which  it  communicates  to  the  wagjit  is 
constant  and  not  intermitting,  as  we 
iiave  explained  to  be  the  case  in  tfaa 
ciimmon  lever.  In  order  that  it  mxj  b« 
possilile  lo  su^pirnl  ilie  action  of  the 
power  without  sufi'ering  the  wdght  to 
descend  or  recoil,  and  thus  lose  xSe  ad- 
vanta^  which  has  been  gained  by  its 
elevahon.acontriTance  called  a  ratdiet' 
wheel  i»  sometimes  annexed  ta  the  cy- 
Lnder  or  axle. 


In  fig.  33,  this  apparatuB  is  repre. 
sentcd  at  G  D.  It  is  a  ivhcel  furnished 
with  leeth  upon  its  edge.  The  teeth  are 
not  presented  directly  from  the  centre, 
but  are  curved  and  all  Iwnt  in  one  di- 
rection, which  is  that  direction  in  which 
the  ri 


ofthewheel;  and  the  effect  is,  that  the 
wheel  and  cylinder  to  which  it  li  at. 
tached,  are  sufi^red  to  revolve  in  that 
direction  in  which  the  weight  is  raised. 
but  arc  not  permitted  to  revolve  in  the 
other  direction.  So  that  the  wei|;ht  can 
never  descend  unless  the  bolt  H  be  pre- 
vented from  acting  on  the  wheel  G  D, 
By  such  an  apparatus  the  Kclion  of  the 


9  of  its  past  action 


S3.>  There  are  various  ways  in  which 
ptower  is  applied  to  the  wheel;  and 
weight  suspended  by  the  rope  which 
have  used  ;s  only  to  be  understood 
L  general  TepresentAtion  of  the  me- 
nical  eifect  of  the  power,  however  it 

iomelimei  pins  are  placed  at  e<[\ial 
uuxs  round  the  circumference  of 
wheel,  by  which  the  hand  may  be 
lied  as  the  power.  (See^.  33.)  An 
■nee  of  this  manner  of  applying  the 
'er  win  be  seen  in  the  wlieel  uied  to 
k  the  rudder  of  a.  ship. 
lOmetimes  there  is  no  wheel,  but  a 
)ber  of  long  levers  axe  ins^led  in 
axle,  and  diverge  from  it  like  spokea 
a  the  box  of  a  wheel,  and  the  opera- 
moves  the  udeliy  these  levers.  (See 
35.) 

kequently,  m  in  the  windlass,  there 
Dt  either  a  wheel  or  diverging  spokes, 
amply  holes,  in  which  the  workman 
rts  die  end  of  a  strong  bar  of  con- 
rable  length,  by  which,  as  a  lever,  he 
IS  the  axle  and  raises  the  weight 
removes  the  bar  as  he  works,  from 
hole  to  another,  the  weight  being 
uned  by  the  action  of  the  ratchet- 
el  in  the  interim. 

he  windlass  is  fi^uently  wrouf^t 
1  winch,  as  represented  in  _fig.  34. 


la»i  it  is  horizontal,  also  in  most  kinds  of 
cranes,.  In  the  a^laa  {fig.  35.)  it  is  ver- 
tical. The  advanta^  of  its  vertical  por- 
tion in  the  capstan  ta  re>7  evident  Hie 


cylinder  is  fixctl  upon  the  »xleAB, 
at  ri:;lit  angles  to  this  axle  n  lever 
I  is  fixed,  and  from  0  anotlier  arm 
I  extends,  to  wliich  tlie  hands  of  the 
rator  are  applied.  By  meana  of  this 
pie  contrivance,  the  operator  can 
tc  upon  the  macliine  ttirouRh  Uie 
re  of  each  revolution,  ullhough  not 
very  part  with  equal  efttet.  In  this 
;  Ihc  ratchet-wheel  is  less  necessary 
1  in  any  of  the  fonner. 
i4.)  The  axle  is  sometimes  borizon- 
and  sometimes  vertical.  In  the  icind- 


woramen  insert  levers  in  holes  made  to 
re'iTJve  tliem,  and  walk  round  the  axle, 
pusliing  the  levers  before  them.  In  this 
manner  a  >;reat  number  of  men  may 
work  together,  and  there  is  no  intermis- 
sion of  the  power  even  when  different 
men  succeed  cocb  otlier, 

(55.)  When  several  forpp-s  act  at  the 
same  time  at  different  parts  oi  tlie  cir- 
cumference of  the  same  wheel,  and  all 
I>i:rpendiculaT  to  the  radii,  Uieir  com- 
bined effect  is  to  be  estimated  in  the 
same  manner  as  if  they  all  acted  at  the 

But  if  Ihe^  act  with  different  levers. 
eatli  power  is  to  be  multiplied  by  the 
lever  by  which  it  acta,  and  Ihe  sum  of 
these  products  is  to  be  taken  as  the 
total  effect.  (10.) 

(56.)  In  estimating  the  effect  of  the 
resistance  or  weight  when  the  rope  tiy 
wliich  it  acts  has  any  consideralile 
thickness,  half  the  thickness  of  the  rojie 
is  to  be  considered  as  a  part  of  Ihe  ra- 
dius of  the  cylinder,  as  the  force  is 
considered  to  be  transmitted  through 
the  centrt  or  axis  of  the  rope. 

The  same  may  be  said  of  tlie  power, 
when  it  acts  by  a  rope  of  any  cona- 
derable  thickness. 

(57.)  In  order  (o  determine  the 
strength  necessary  to  be  given  to  the 
pivots  wliich  support  the  wheel  and 
axle,  it  is  necessary  to  determine  the 
pressures  to  which  they  are  liable. 

If  the  axle  be  ttoriiontal,  the  weight  of 
the  machine  wUl  press  upon  the  pivots; 
and  if  its  centre  of  gravity  be  equally 
distant  from  the  pivots,  its  pressure  vml 
be  equally  distrioiited  between  them, 
half  the  weight  of  the  machine  presiin)^ 
upon  each  pisot.  If,  however,  the  axis 
be  vertical,  the  whole  weidiA  >rili.  I**- 
on  the  point  ot  Ihe  Xowei  ijn  lA- 
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ITie  manner  in  which  tlie  prtssures  of  In  cases,  therefor^,  where  great  re- 

the  power  and  weight  are  divided  be-  sistances  are  to  be  overcome,  it  is  a 

tween  the  pivots,  may  he  determined  by  problem  ot  considerable  importance  to 

the  principles  established  in  Chap.  iii.  assign   a  method,   by  wliich,   without 

By  these  principles  it   appears,  that  the  rendering  the  machine  more  complex, 

pressures  of  tlie  power  and  weight  are  sufficient  strength  may  be  preserved  by 

divided  respectively  between  the  pivots  preserving  the  thickness  of  the  axle,  the 

in  the  inverse  proportion  of  their  dis-  machine  may  not  be  rendered  unwieldy 

tances  from  them ;  that  is,  the  part  of  the  by  increasing  very  much  the  leverage  of 

weight  or  power  which  presses  on  the  the  power,  and  a  high  degree  of  power 

one  pivot,  is  to  the  part  which  presses  may  be  gained. 

on  the  other  as  the  distance  of  the  (59.)  AH  these  ends  are  attained  by  the 

weight  or  power  from  the  latter  pivot  is  simple  modification  of  the  wheel  and 

to  its  distance  from  the  former.  axle  in  fig,  36.    The  axle  or  cylinder 

In  this  investigation  it  should  be  re-  jjVg.  3^ 

membered,  that  we  do  not  consider  the  «•      • 
machine  as  in  motion,  but  merely  that 
the  power  sustains  the  weight. 

(58.)  In  the  simple  wheel  and  axle, 
whatever  be  its  form  or  peculiarity,  its 
mechanical  ^cacu  depends  on  the  ratio 
of  the  radius  of  the  wheel  to  the  radius 
of  the  axle,  or,  to  speak  more  gene- 
rally, the  length  of  the  lever  by  which 
the  power  acts,  to  the  radius  of  the 
cylinder  on  which  the  rope,  which  raises 

the  weight  is  coiled.     There  are  then  A  B  consists  of  two  parts,  the  diameter 

two.  and  only  two,  ways,  in  which  this  of  one  part  being  less  than  that  of  the 

efficacy  may  be  increased ;  viz.  by  in-  other.   A  wheel  and  block  C  is  attached 

creasing  the  leverage  of  the  power,  or  to  the  weight,  and  round  the  wheel  the 

by  diminishing  the  radius  of  the  cylin-  rope    which    elevates    the    weight    is 

der  which  supports  the  weight.    Now,  passed,  and  is  coiled  in  the  same  direc- 

although,  in  a  theoretical  view,  there  is  Hon  on  the  thicker  and  thinner  parts  of 

no  limit  to  our  power  of  increasing  this  the  axle.    The  elevation  of  tiie  weight 

efficacy,  since  we  can  conceive  the  le-  is  thus  effected :  upon  turning  the  axle 

verage  of  the  power  increased  without  in  such  a  direction  that  the  rope  d^all 

hrait,  or  the  tnickness  of  the  cylinder  be  coiled  upon  the  thicker  part,  it  will 

diminished  without  limit,  yet  there  is  a  necessarily  be  rolled   off  the  thhiner 

practical  limit  to  the  increase  of  the  part.    Upon  every  revolution    of  th» 

mechanical  efficacy  of  this  en^ne.  wheel,  therefore,  a  portion  of  the  rope 

If  we  attempt  to  increase  this  efficacy  equal  to  the  circumference  of  the  thicker 

by  giving  to  the  power  a  considerable  part  will  he  drawn  up ;  but,  at  the  same 

leverage,  the  machine  wiU  become  im-  time,  a  portion,  equal  to  the  circum- 

wieldy ;  the  power  will  wort  through  a  ference  of  the  thinner  part,  will  be  let 

most  inconveniently  great  space,  and  down.     On  the  whole,  therefore,  the 

the  practical  disadvantages  which  will  effect    of  one   revolution    will   be  to 

arise,  will  more  than  counterbalance  any  shorten  the  entire  length  of  that  part  of 

thing  which  can  be  gained  by  the  in-  the  rope,  by  which  the  weight  is  sus- 

creased  power.  pendea,  by  a  lengtli  equal  to  the  differ- 

If,  on  the  other  hand,  we  attempt  to  ence  between  the  circumferences  of  the 

increase  the  efficacy  by  diminishing  the  thicker  and  thinner  parts  of  the  axle ; 

thickness  of  the  axle,  we  diminish  the  consequently,  half  that  portion  of  the 

strength  of  that  part  of  the  machine  rope  will  be  shortened  by  half  the  dif- 

which  must  support  the  weight;   and  ference  between  these  cu-cumferences. 

the  cases  in  which  this  great  efficacy  is  But  half  that  part  of  the  rope  by  which 

required  are  precisely  those  cases  in  the  weight  is  suspended,  is  evidently 

which  the  greatest  weights  are  to  be  equal  to  the  distance  of  the  wheel  to 

raised,  or  resistances  to  be  overcome,  which  the  weight  is  attached  from  the 

and,    therefore,    where    the    greatest  cylinder.  Hence,  we  perceive  that  every 

strength  m  those  parts  of  the  machine  revolution  of  the  cyHnder  raises   the 

on  which  the  weight  or  resistance  acts  weight  through  a  sp(u:e  equal  to  hall 

ATPiodiipezMablynecessaiy.  the  difference   between  ttie  circum- 
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ces  of  the  thicker  and  thinner  parts  From  considering  this  condition,  it  is 

2  *xle.  plain  that,  where  the  mechanicjd  efl5- 

determine  the  conditions  of  equi-  cacy  depends  on  the  proportion  of  the 

im  in  this  engine,  we  shall  refer  to  Jever  of  the  power  to  half  the  differ- 


Fig,  37. 


7,  which  is  a  section  of  the  appa- 
taken  perpendicular  to  the  cylin- 
)f  which  C  is  the  centre,  C  B  the 
s  of  the  thinner  and  C  A  of  the 
ET  part,  and  CD  the  lever  by 
1  the  power  P  acts.  As  the  weight 
angs  from  the  rope,  which  passes 
I  the  wheel  E  F,  the  parts  E  B  and 
3f  the  string  are  equally  concerned 
pporting  the  wei^nt ;  and,  conse- 
tly,  halir  the  weight  is  the  force 
1  hangs  from  each  part  of  the 
f.  If,  then,  the  lever  hy  which 
lower  acts  be  R,  and  that  r  be  the 
9  C  A,  and/  be  C  B,  the  condition 
lilibrium,  conformably  to  the  prin* 
laid  down  in  (1 0),  is 
xR+4Wxr'  =  iWxr; 
s,  if  the  power  be  multiplied  by  its 
ige,  and  half  the  weight  by  the  ra- 
M  the  thinner  part  of  the  cylinder, 
bese  two  products  be  added  toge- 
their  sum  mill  be  equal  to  the  pro- 
found by  multiplying  half  the 
t  by  the  radius  of  the  thicker  part 
!  cylinder.  Or,  what  amounts  to 
ime  thing,  we  have, 
>xR  =  lWxr-iWxr', 
»  X  R=  W  xi  (r— rO; 
is,  the  power  multiplied  by  the 
by  which  it  uDorks  is  equal  to  the 
\t  multiplied  by  half  the  difference 
?  radii  of  the  thicker  and  thinner 
of  the  qf  Under. 

s  condition  may  also  be  expressed 
the  weight  is  to  the  power,  as  the 
by  which  the  power  works  is  to 
he  difference  of  the  radii  of  the  cy^ 
;  i.e. 
W  I  P  ;;  B  ;  iCr-^r^. 


ence  of  the  radii  of  the  cylinder,  this 
efficacy  may  be  increased,  without  any 
limit,  Dv  merely  diminishing  tiie  diffe- 
rence of  the  radii  of  the  cylmder,  with- 
out either  increasing  the  leverage  of 
the  power  or  diminismng  the  thickness 
of  the  cylinder.  Thus,  by  this  contri- 
vance, the  power  will  act  through  a 
convenient  space ;  there  will  be  notning 
unwieldy  in  the  construction  of  the 
apparatus ;  and  all  the  requisite  thick- 
ness and  strength  may  be  given  to  the 
cylinder.   ' 

A   capstan,  constructed    upon    the 
same  pnnciple,  is  represented  in  fig*  38. 


Fig,  88 


A  great  advantag^e  attending  this  ma- 
chine is,  that  there  is  no  recoil  upon  the 
weight  upon  the  remission  of  the  power, 
and,  therefcre,  the  use  of  the  ratchet- 
wheel  and  catch  (5S)  is  superfluous. 

Almost  the  only  disadvantage  attend- 
ing it  is,  that  a  considerable  quantity  of 
rope  is  requisite  to  raise  tne  weight 
through  a  very  small  height ;  but  still 
much  less  than  what  is  requisite  in  any 
machine  of  the  same  power  m  which 
rope  is  employed. 

Dr.  Gregory  states,  that  although 
this  invention  is  generally  ascribed  to 
George  EckhareU^yrho  probably  invented 
it  wittiout  being  aware  that  it  had  been 
previousl}r  used;  yet  that  there  is  a 
ngure  of  it  in  some  Chinese  drawing, 
more  than  a  century  old,  from  which 
Dr.  Gregory  took  the  sketch.  Jig,  36. 
See  Cfregory*s Mechanics, YoLii, p,  3. 

(60.)  The  principle  of  varying  the 
diameter  of  the  cylmder  while  the  le- 
verage of  the  power  remains  unvaried, 
is  sometimes  used  to  accommodate  an 
uniform  power  to  a  varying  resistance. 
We  may  state  this  principle  still  more 
generally.  If  a  power,  varying  under 
any  given  conditions,  be  required  to 
overcome  a  resistance  which  varies  ac« 
cording  to  some  other  given  conditions, 
the  one  may  always  be  accommodated 
to  the  other  \^  producvo^  «l  n  w»ia!csi\.>si 
the  leverage  by  ^lYiiOi  oi\a  ont  Xk^H^  %fiN»% 
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vhichwill  mo^theeKctoTtheptmer    becomesconstantlythicket.  Thetnuiat 

'     '■       * ■'-■-■  of  Ihe  string,  therefore,  acta  by  k  con* 

st«nUy  increasing  leverage,  and  tba«- 


la  to  make  it  conformable  to  the  va- 
riation in  the  resistHnce  to  lie  overcome. 
This  Will  probably  be  belter  uiider- 
atood  by  an  example.  Suppose  that  the 
power  is  a.  spiral  spiinp  of  tempered  sleel, 
(Jlg.39.)  placed  inaliaiTtIA,  ylg. iO.) 


Fig.  39 


to  Uie  aJtis  on  which  the  barrel  A  ru- 
volves.  A  chMD  is  coDed  round  the 
tarrel  A,  one  end  of  which  is  Eiced 
On  the  barrel,  and  the  other  end  is 
aituthed  to  o  /usee  B.  which  is  a  coni- 
cal tigure,  also  capable  of  tiaminjj  on 
an  axle,  ajid  on  which  a  spiral  channel 
or  thread  is  cut  to  receive  the  chain  afler 
i(  has  been  rolled  off  from  the  barrel  A. 
Let  us  suppose  that  the  resistance, 
whatever  it  be,  is  uniform,  and  tlmt  it 
^  applied  to  the  axle  of  the  fusee,  or  lo 
F wheel  connected  with  that  axle;  and 
Ihat  when  the  chain  is  rolled  npoo  the 
spiral  thread  of  the  fusee,  Ihe  spring 
within  the  barrel  A  is  ttretched  to  it» 
utmost  intensity,  tt  is  this  which  gives 
the  barrel  A  a  tendency  to  recoil,  which 
tendency  is  communicated  by  the  chaiti 
to  the  fusee  B,  and  acta  in  fuming  tha 
fusee  by  the  levera^  of  the  highest  part 
of  the  conical  figure.  Wilh  this  leveram 
the  tension  of  the  chain  acts  upon  the 
resistance,  and  ils  eflect  is  to  be  esti- 
mated by  multiples  the  tension  of  the 
chain,  or,  what  is  &e  same,  the  inten- 
sity of  the  spring,  by  the  radius  of  that 
part  of  Ihe  cone  on  which  the  chain 
acts.  As  the  fusee  revolves,  and  llie 
chain  rolls  uff  the  fusee  B  and  on  tlw 
barrel  A,  Ihe  spring  gradually  loses  its 
intensity  ;  and  consequently  the  tension 
by  which  the  chain  acts  upon  the  fusee 
is  gradually  diminished,  while  the  re- 
siatance  to  be  overcome  by  that  tension 
remains  the  same.  It  is,  however,  to  be 
considered,  that  as  the  chain  is  rolled 
off  the  fusee,  the  part  on  whidi  it  acta, 
coming  nearer  to  the  twte  «S  tin  con*, 


fore  with  a  constantly  inCreksii^  > 
chanical  efficacy.  Now,  the  tapering 
form  given  to  the  cone  may  evident^ 
be  BO  regulated,  that  the  advantage 
which  is  gained  by  the  mdually  in- 
creasing leverage,  by  which  ttie  tension 
of  the  string  acts  upon  the  fiisee,  shall 
be  exactly  equal  to  that  which  is  iott  by 
the  gradually  decreasing  intensity  of  the 
spring ;  so  that  these  two  odpotite  ef- 
fects producing  a  mutual  compensatini. 
an  uniform  action  upon  the  resistanee 
will  be  the  result. 

An  instance  of  the  ap^icatjim  of  tins 
beautifiil  principle  will  he  Men  in  the 
construction  of  a  watch. 

CUAPTBK  VII.  -~  Corupitx  Wheel- 
uwA—Fbhx  trtmmitUttbg  Rietum 
~StMp»~Ti>dthatidP(itim—an^ 
of  7lMM  —  tAeinauiOelt  ~  lAHUt-n 
tad  TraiuBt*—Sp»r,  OMtm,  md 
beteUtdGMr. 

(fil.)  It  does  not  always  happen  that 
tiie  end  to  be  accomplished  can  be  at- 
tained with  convenience  by  Ihe  simple 
wheel  and  aide;  and  it  fi^quently  be- 
comes neces.ioiy  lo  transmit  the  effect 
of  Ihe  power  lo  Ihe  resistance,  throurii 
a  system  of  wheels  and  axles  mutuary 
acUng  upon  each  other.  As  Ihe  wheel 
and  axle  is  only  a  modification  of  the 
lever,  so  a  system  of  such  machines 
acting  one  upon  another  is  only  another 
form  of  the  compound  lever,  and  tiM 
conditions  of  equilibrium  are  exactly 
the  same  in  both. 

In  complex  whi>el-wor)(,  the  powaris 
applied  to  the  circumference  of  the  first 
"heel,  which  transmits  its  effect  lo  the 
I'ircumference  of  the  first  axle.  Thii 
circumference  is  made  lo  act,  by  various 
means,  which  we  shall  presently  explain, 
upon  the  circumference  of  Ihe  second 
wheel,  which  again  transfers  the  effect 
<  D  Ihe  circumference  of  Ihe  second  axle. 
which  acts  upon  the  cii-ciunference  of 
the  third  wheel,  iind  Ihis  in  ihe  same 
way  transmits  llie  effect  to  the  circum- 
ference of  the  Ihird  axle:  and  thus  Ihe 
transmission  of  Uie  force  is  continued, 
until  it  haa  arrived  at  the  circumference 
of  the  last  axle  lo  which  the  wei^t  or 
resistance  is  applied. 

Each  separate  wheel  and  axle  bong  a 
lever,  the  effect  of  such  a  combination 
aa  we  have  descritied  is  the  same  as  llial 
of  i.  series  of  levers,  whose  longer  arms 
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«re  reniecijvely  «<iuaJ  to  the  radii  of  the  to  the  circomference  of  the  mcceeding 

several     wheels,    and    whose    shorter  wh«l.     A  very  common  method  i?  by 

tnns    are  equal  to   the    radii     of  the  ropes  or  straps  passing  round  th-  cir- 

several  axles,   and   therefore  the  con-  cumferentesoflhewheeTandaxle.iiliiLh 

djtioa  of  equihbrium  is  that  the  power  Mt  one  upon  the  other.    The  action  is 

multiplied  by  the  product  of  the  radii  in  this  manner  transmitted  bv  the  ten- 

of  all  the  wheels  ia  ec^ua]  to  the  weifitit  «ion  of  the  rope  or  strap,  and  rendered 


multiplied  hy  the  raJu  of  all  the  axles. 
Thus  if  H.  ft'.  R"  be  the  radii  of  the 
wheels,  and  r,  r",  r^  those  of  the  axles, 
ve  have 

P  >;  R  R'  R"  =  W  >:  r  r-  r". 
(62.)  The  force  of  these  observation-! 
will  mero  readily  appear,  by  oonKider- 
ing  the  combiiiElion  of  wheels  and  avles 
inyfe.  Jl,  Thp  radius  of  the  wlici'l 
on  which  tlie  power  acts  being  K,  and 
FW  41, 


effect) 


that  of  the  axle  r,  it  ia  equivalent  to  a 
lever  of  the  first  kind,  whose  fulcrum  is 
its  centre.  The  first  axle  acts  on  the 
circumference  of  the  second  wheel  with 
the  leverage  of  its  radius  r,  and  the 
■econd  wheel  b  also  a  lever  of  the  first 
kind,  the  fulcrum  being  the  centre.  The 
radius  r  of  the  firitt  acts  upon  the  radius 
R'  of  the  second  wheel,  which  depresses 
the  radiiw  r*  of  tho  second  axle,  and 
thereby  depresses  the  radius  R"  of  the 
third  wheel,  which  raises  the  radius  r'' 
of  the  third  axle,  and  thereby  raises  the 
weiirht. 

(ei.)  In  this  case  the  wheels  and 
axles  are  supposed  to  work  b^  the  fric- 
tion of  their  siurfaces.  In  liirhl  work, 
where  the  pressure  on  the  muchinery  is 
not  veiY  considerable,  Uus  method  of 
connecting  the  wheel-work  is  oflen 
adopted  with  advantage.  The  friction 
iif  (lie  surfaces  is  increased  hy  mttinfr 
th-;  «oo(l  so  that  the  crains  of  the  sur- 
faces in  contnct  shall  run  in  opposite 
directions.  Also  by  glueing  upon  the 
surfaces  of  the  wheels  and  axles  buffed 
leather.  A  saw-mill  in  which  the 
wheels  act  by  friction  has  been  used  at 
Mr.  Taylor's,  of  Southampton,  for 
nearly  twenty  years,  and  fa  found  to 
work  well. 

<64.)  There  are,  however,  other  ways 
of  transmitlin;  the  three  of  each  axle 


method  of  connecting  wheels  and  axles 
is  represented  in  Jtg.  42,  When  the 
wheel  and  the  axle  from  which  it  re- 
odves  motion  are  intended  to  revolve 
in  (he  same  direction,  the  slK^  is 
not  crossed,  but  applied  as  betweeti 
the  a\l,-  K  and  the  ivhecl  G.  Butwhen 
th(^  "heel  is  to  revolve  in  a  direction 
contrary  lo  the  revolution  of  the  axle, 
the  strap  is  crossed  as  lu'li^een  the 
axle  D  and  the  wheel  F.  This  latter 
melhod  of  applying  the  strap  has  the 
advantaji^e  of  having  more  surface  to 
B(^t  upon,  and  therefore  ha.ving  more 
friction. 

(65.)  But  by  far  the  most  usual  way 
of  transmitting  the  action  of  the  axles 
lo  the  succeeding  wheels,  is  by  means 
of  teeth  or  cogs  rRi-iied  on  their  surtkces. 
When  this  islhe  case,  the  roes  on  the 
surface  of  the  wheel,  are  generally  called 
teelk,  and  those  on  the  surface  of  the 
axle  are  called  leavei :  the  axle  itself  is 
in  this  case  called  ttpinion. 

As  the  Uai'et  of  the  pinion  succes- 
sively pass  between  the  Itelh  of  the 
wheel,  they  are  perfectly  equal  and 
similar  to  them.  Hence  the  circum- 
ferences of  the  wheels  and  pinions  ttn 
proportional  to  their  respect  ive  numbers 
vt  teeth  and  leavei ;  and  sini-t  (he  cir- 
cumfiTcnces  are  as  (he  mdir,  il  follows, 
that  the  numbers  of  teeth  or  li-aves  are 
proportional  to  (lie  radii.  Hence,  in 
the  condition  of  equilibrium  di'termined 
in  (61.),  we  siibslilutf  the  number  of 
teeth  and  leaves  for  the  radii  of  (he 
wheels  and  axles.  Thus.  then,  (he  con- 
dilion  of  equilibrium  is,  that  the  power 
multiplied  by  the  prodwiAo^  ^^Tmm. 
bers  of  teeth  in.  ai\  V\\«  viV«^s  u  «Dfa^ 
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to  the  wefrfit  mulUplied  by  the  product    the  second  and  third  wheels  be  ISO  uid 

ofthenuraWofleavesinaUthepinions.     130,   and  the  leaves  ui  the  respecbve 

Or    if  N    N',  N"  Ije  the  numbers  of    pinionsbe  7  and  11.  The  velocity  of  the 

teelh  in  the  several  vtheels,  and  n,  n',  n"    circumference  of  the  first  wheel^  beinR 

the  numbers  ofleaves  in  aUthepinions,    expressed  by  1.   that  of  the   ernnnn- 

the  condition  of  equiHbrium  is  ference  of  the  second  whed  will  be  Hi- 

P  X  N  N'  N"  =  W  X  M  n'  n".  This  velocity  is  to  that  of  the  orcum- 

A  system  of  tooth  and  pinion-work    ference  of  the  second  pmion  fx  thjd 

is  represented  in/*. «.  Inthis  case  the    wheel,  as  120  is  to  7  ;  and  therefore  to 

^  FV    43  veloci^  of  the  circumfennce  of  the 

third  wheel  is      ^  ^  ^      ■.    Again,  thi< 

veloci^  is  to  that  of  the  circumGannce 

of  the  last  axle  as  130  to  11.    This 

;  7  X  II 


vdodty  ia  therefore  - 


100  X  120x13' 
which  Terifiet  what  we  hAve  just  id' 
Tuiced. 
A^  " '  I  (67.)    In  the  constTuctioa  of  iriiM> 

"  gf^  work  considerable  attention  ouriit  to  be 

"^nB  paid  to  tlieir  shape,  u  mnish  of  the 

^^  efficiency  and  permanency  of  the  woA 

power  acta  upon  the  first  wheel  liy  a  depends  on  this.      Su[90se  that  tbi 

rope ;  but  in  submitting  it  to  the  above  teeth  were  found  as  inyfe-.  44.  Tbe  tooth 
condition  of  equilibrium,  it  is  only  ne- 
cessary to  calculate  how  many  teeOi  the  Hp.  44. 
circumference  would  contain,  and  use                              ^ 
that  numl>er  in  the  condition. 

(66.)  It  vrill  be  easy  to  show,  that 
complex  wheel-work  obeys  the  law  of 
virtual  velocities  (S);  for  since  the 
teeth  are  equal,  the  circumference  of 
each  wheel  moves  viith  the  same  velo- 
city as  that  of  the  circumference  of  the 
pillion  by  which  it  is  driven,  which  is 
equally  evident  if  they  be  connected  by 
straps  or  work  by  friction.  Now,  since  u  6  in  driving  a'  b'  would  be  moved 
each  wheel  revolves  in  the  same  time  with  round  the  centre  C,  in  a  direction  per- 
ils ade,  tlie  velocities  of  their  circum-  pendicular  to  C  a  6,  and  would  there- 
ferences  are  as  their  circumferences,  or,  fore  press  on  the  tooth  rf  b  obliquely  to 
what  U  the  same,  as  their  radii  or  rum-  the  radius  C  a'^ ;  whereas,  to  promice 
ber  of  teeth.  Hence,  the  velocity  of  the  the  best  effect,  the  pressure  should  be 
power,  or  the  velocity  of  the  circumfer-  directed  perpendiculariy  to  that  radius. 
ence  of  the  first  wheel,  is  to  that  of  the  Besides  this,  the  whole  pressure  of  the 
first  axle  as  their  radii.  But  the  velo-  wheel  is  Oirown  upon  one  tooth,  by  which 
cityof  Ihecircumferenceof  thefirst  axle  the  chances  of  fracture  are  much  in- 
is  equal  to  the  velocity  of  the  circum-  creased,  and  the  wear  materially  aug- 
ferenceof  the  second  wneel,  which  is  to  mented.  Another  defect  which  appears 
that  of  the  second  axle  as  their  radii ;  manifest  is,  that  during  the  motion  the 
and  by  continuing  this  reasoning,  we  directionof  the  pressureofaA  ono'&'is 
shall  find  that  the  velocity  of  the  power  constantly  changing  while  the  teeth  are 
is  to  that  of  the  weight,  as  the  product  in  contact;  and  since  the  leverage  by 
of  the  radii  of  the  wheels  to  the  pro-  which  the  wheel  C  is  turned  by  a6  u 
duct  of  the  radii  of  aL  the  axles ;  and,  therefore  variable,  it  is  turned  with  an 
therefore,  that  the  power  multiplied  by  unequable  force.  In  the  motion,  the 
the  velocity  of  the  power  is  equal  to  the  cujncr  of  tlie  (ooUi  ii  h  sei-apcs  or  rubs 
weight  multiplied  by  the  velocity  of  the  the  surface  of  the  tooth  a'  b' ;  and  the 
weight,  machine  suiTers  a  jolt  when  the  toolli 
This  will  oe  Ijetter  understood  by  an  a  i',  finally  slipping  from  the  tooth  a'ff. 
example.  Let  the  numlwr  of  teeth  in  fdla  into  the  angle  formed  at  the  point 
the  first  wheel  be  lOO,  and  thelesvw  in  wlierc  the  tooth  a'  b'  springs  from  the 
the  first  pinion  «;  nad  let  the  teeth  in  drcumferenca  of  the  wheeL 
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The  teeth  should,  therefore,  be  so 
tonatd  as  to  remove  these  defects ;  for 
which  purpose  it  would  be  necessary 
thJit  they  should  act  in  such  a  manner, 
that, 

\H.  The  teeth  of  one  wheel  should 
press  in  a  direction  perpendicular  to  the 
ndius  of  the  other  wheel ;  or,  in  other 


id.  At  many  teeth  as  possible  should 
be  in  etmtact  at  the  same  time,  in  order 
to  distribute  the  pressure  amongst  them, 
md  thovtw  to  diminish  the  pressure 
npiHi  each  tooth.  This  arrangement  will 
diminish  the  wear,  and  the  chances  of 
frsduR. 

3rd,  Dming  the  entire  action  of  one 
toolb  iq>on  another,  the  direction  of  the 
mature  should  be  the  same,  in  order 
that,  acting  with  the  same  leverage,  the 
dttet  nuy  De  uniform. 

4th.  Tm  nufaces  of  the  teeth  in  work- 
ing should  not  rub  one  u^on  another, 
tnd  ihoQld  suffer  no  jolt  either  at  the 
cemmencement  or  tennination  of  their 
mutual  contact, 

Vaiioni  forms  have  been  suggested 
for  the  teeth,  with  a  view  to  the  accom- 
pliihnientof  some  or  all  of  these  advan- 
tages :  but  that  which  seems  best  calcu- 
laUd  to  attain  tlie  desired  ends  is  the 
following: 

Suppose  that  Y  H  l,fy.A5,  is  the  cir- 
cumference of  the  whwl  on  which  it  is 
proposed  to  laise  teeth,  and  let  H 


H  carrying  a  pencil  at  its  extremity. 
Let  the  string,  being  constanOystrettlied 
tight,  be  rolled  off,  so  that  that  part  of 
it,  F  C,  which  has  been  at  any  lime  dis- 
angaeed  from  the  circumference  of  the 
wheel  shall  be  in  a  straight  line,  touch- 
ing the  circumference  at  F,  and  in  this 
way  let  the  pencil  describe  the  curve* 
H  Cg.  Let  a  H  be  the  breadth  of  the 
tooth  at  the  circumference  of  the  wheel ; 
and  attaching  a  string  in  like  manner  to 
the  other  aide  of  the  wheel,  and  rolling 
it  on  in  the  opposite  direction,  so  that 
its  extremity  bearing  the  pencil  shall  be 
at  a,  let  a  similar  curve  be  described. 
These  two  curves  will  include  a  space 
which  will  represent  the  form  of  a  loolh 
which  will  accomplish  all  the  purposes 
and  possess  all  the  advantages  we  have 
mentioned. 


It  is  a  remarkable  property  of  these 
curves  that  a  line  FE  which  touches 
l)oth  curcles  will  pass  through  the  point 
of  contact  of  the  teeth,  and  not  only  of 
one  pair  of  teeth,  but  of  every  pair 
which  are  in  contact :  and  this  line  will 
be  perpendicular  to  the  direction  of  the 


their  mutual  contact.    Thus 


sure  of  the  pinion  on  the  wheel  li 
erted  tangentially  to  both,  and  therefore 
acta  always  with  the  same  leverage  and 
to  the  greatest  advantage. 

FWher,  during  the  whole  period  of 
the  contact  of  any  two  teeth,  the  pressure 
acts  in  the  same  direction  and  with  tlie 
same  force,  and  therefore  when  it  is 
uniform,  it  necessarily  produces  an 
uniform  etftet. 

During  the  motion,  the  sui&ce  of  one 
tooth  does  not  rub  or  lerape  against  the 
sur&ce  of  the  other,  but  the  one  rollt 
upon-  the  other,  thereby  removing 
nearly  all  the  effects  of  niction,  and 
diminishing  considerably  the  wear  of 
the  machinery,  and  the  waste  of  the 

Several  teeth  are  in  contact  at  the 
same  time,  and  all  working  with  equal 
power,  so  that  the  sbress  is  equally  dis- 
tributed among  them,  and  the  chances 
of  fracture  are  greatly  diminished. 

Thus  this  form  of  tooth  has  all  the 
advantages  which  can  be  desired. 

(6S.)  In  regulating  the  number  of 
teeth  in  the  wheel  and  the  [union  whi'^h 
works  it,  it  should  be  so  contrived  that 
the  same  teeth  diould  be  engaged  as 

•  XbitmTT*iig«IMii««NUu«IiMinid».\ 


so 
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seldom  as  possible,  in  order  to  avoid 
inequality  of  wear.    For  example,  let  us 
suppose  that  the  number  of  teetii  in  a 
wheel  were  exactly  ten  times  the  num- 
ber of  leaves  in  the  pinion ;  each  leaf  in 
the  pinion  would  engage  every  t'^nth 
tooth  of  the  wheel,  and  would  work  in- 
evitably on  the  same  ten  teeth  every 
revolution  of  the  wheel.     If  it  were 
possible  that  all  the  teeth  and  leaves 
could  be  construeted  with  mathematical 
precision,  and  perfect  and  absolute  si- 
inilitude,  and  that  no  accidental  differ- 
ence, owing  to  any  want  of  uniformity 
in   the   material   of  which   they  are 
formed,  could  exist,  this  would  be  a 
matter   of   no  consequence,  and   the 
wear  would  still  be  even  and  equable. 
But  as  these  perfections  never  can  exist, 
the  inevitable  inequalities  incident,  as 
well  to  the  nature  of  the  material  of  which 
wheels  are  constructed  as  to  the  forms 
they  derive  even  from  the  most  perfect 
mechanical  construction,  must  be  com- 
pensated by  making  the  teeth  and  leaves 
work,  so  that  eaiui  leaf  shall  succes- 
sively engage  with  all  the  other  teeth  of 
the  wheeloefore  it  engages  a  second 
time  with  any  one  of  them. 

This  is  accomplished  by  making  the 
number  of  teeth  and  the  number  of 
leaves  prime  to  each  other,  that  is,  such 
that  no  inte^  divides  both  exactly. 
The  manner  m  which  this  is  commonlv 
done,  is  by  making  the  number  of  teeth 
such,  tiiat  it  is  just  one  more  than  a 
number  which  is  exactly  divisible  by  the 
number  of  leaves.  This  is  what  mill- 
wrights call  making  a  hunting  cog. 
Thus,  suppose  that  there  are  ten  leaves, 
and  that  the  diameter  of  the  wheel  is 
about  six  times  that  of  the  pinion.  If 
this  were  the  exact  ratio,  there  would  be 
just  sixty  teeth,  and  after  each  revolu- 
tion of  the  wheel  the  same  teeth  and 
leaves  would  be  continually  engaged, 
each  leaf  taking  every  sixth  tooth.  But 
if  tlie  diameter  of  the  wheel  be  made 
somewhat  greater  than  six  times  that  of 
the  pinion,  so  as  to  admit  sixty-one 
teeth ;  then,  after  six  revolutions  of  the 
pinion,  the  first  leaf  will  be  engaged 
with  the  tooth  immediately  before  that 
in  which  it  had  worked  at  the  com- 
mencement, and  after  six  more  revolu- 
tions it  will  be  engaged  with  the  tooth 
before  that,  or  the  second  tooth  from 
that  at  which  the  motion  commenced. 
Tlius,  it  is  evident,  that  the  wheel  must 
revolve  61  times,  and  the  pinion  6  x  61, 
or  366  times  before  the  same  teeth  will 
he i^gain  enigm^    By thesemeans,  the 


inequalities  of  wear  arising  from  in« 
equalities  of  form  and  material  will 
compensate  each  other. 

(69.)  The  teeth  of  the  wheel,  instead 
of  working  in  the  leaves  of  a  pinion,  are 
made  to  act  upon  a  form  of  wnoel  called 
a  lantern^  aa  represented  «^>^.  46.  Tht 


Fig.  46. 


cylindrical  teeth  or  bars  of  the  lantern 
are  called  trundles  or  tpindles,  how- 
ever, notwithstanding  the  varions  fonpas 
of  wheel- work,  the  principles  whiqi  we 
have  already  explained  wiU  alw|ij|  de- 
termine the  relation  between  the  powor 
and  resistance. 

(70.)  Wheels  are  denominatad  egmr, 
croum,  or  bevel  gear,  acoordiqg  tp  the 

Sosition  or  direction  of  the  t^etb-  If 
le  teeth  be  perpendicular  to  the  axis 
of  the  wheel,  and  in  the  direction  o(ra$i, 
as  in  the  wheel  £,  Jig.  46.  it  is  qiUed  a 
mur-wheel.  If  the  teeth  he  parailel  to 
uie  axis  of  the  wheel,  and  therefore  per- 
pendicular to  its  plane,  it  is  caUed  a 
croum-whsel.    Two  spur-wheels^  or  a 
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spur-wneel  and  pmion  which  work  in 
one  another,  are  always  in  the  same 
plane,  and  have  their  axis  parallel. 
But  when  a  spur  and  crown-wheel  are 
in  connection,  their  planes  and  axis  are 
at  right  angles.  By  this  means,  there- 
fore, rotatory  motion  may  be  transferred 
from  a  horizontal  to  a  vertical  plane,  or 
vice  versa. 
When  the  teeth  are  oblique  to  the 

glane  or  axis  wheel,  it  b  called  a 
evelled-wheel.  Two  wheels  of  this 
kind  are  represented  in  ;^.  48.  In  this 
case,  the  smfaces  on  which  the  teeth  are 
raised  areparts  of  the  surfaces  of  two 
cones.  The  manner  in  which  these 
wheels  act,  and  the  principles  on  whidi 


their  fannation  dependa,  may  be  oon- 
cfliTM  bjr  imagining  two  cone*  to  Iw 
^iplied  aide  to  lide,  aa  in  Ar-  49.  If 
tneir  tiufaeei  have  sufficient  friction. 
Pig.  M, 

•ndone  of  them  be  turned  upon  itiaxia 
bf  •  meidwnical  foice,  it  wQI  compd 
tfie  othor  to  revolve :  and  if  the  baaei 
of  the  cones  be  equal,  each  will  revolve 
in  the  —at  time ;  aa  in  ffg.  49.  But 
if  the  diameter  of  the  Due  of    one 


of  bevelled-trheeli  ia  to  produce  a  rota- 
tory motion  round  one  axia  by  nieansof 
a  rotatory  motion  round  anothcF  which 
is  oblique  to  it  j  and,  provided  that  the 
two  axes  are  m  the  same  plane,  this 
may  always  be  accomplished  by  two 
bevelled-wheels.  A  system  of  wheels 
of  this  kind  is  represented  in^.  S2. 


Jlg».48  and  SO,  then  thelesaer  cone  will 
Fig.iO. 


^ 


revolve  a.s  many  times  in  one  revolution 
oF  the  greater.  It  is  evident  that  what 
we  have  observed  of  the  entire  cones, 
win  be  equally  true  ofanypartsof  them, 
a,  b,  c,  &c.  equally  distant  from  their 
common  vertex,  and  therefore  vrould 
be  true  of  wheels,  the  edges  of  which  are 
parts,  ed,  of  the  corneal  surfikces. 

If  the  friction  of  the  conical  aur&ces 
be  insufficient  to  transmit  the  fbrce,  the 
I  may  be  fluted,  as  in  fig,  31 ; 


and  if  the  conical  surhcei  be  incom- 
plete, the  breadth  tieing  F  c,  they  vrill 
mcoine  brntUttt-to/udt. 
It  win  )m  fMiIy  perceiTed  thai  the  um 


Chaptk^  VJII.  —  0/  Me  Puliey— 
Fiied  Pulley— Single  moveable  Put- 
lejf  —  Spaniih  Burloat  —-  Sytlenu 
U!tlh  9  tingle  Rope — t/ieir  defects — 
W^iW*  Pulley— Syttems  with  te- 
veral  Sope*. 

(71-)  The  machines,  the  theory  of  which 
has  been  exjilained  in  the  preceding 
chapters,  derive  their  whole  efRcaoy 
fhim  the  supposed  inflexibility  of  the 
materials  ofwhich  they  are  constructed. 
Hie  effect  of  weights  acting  on  n  lever 
is  to  bend  it  over  the  fulcrum,  and  if 
the  leveryieldstothis,  and  suffers  itself 
to  be  bent,  it  loses  its  mechanical  effi- 
cacy. Tliesame  observation  may  be  ap- 
plirf  to  all  the  machines  which  we  have 
hitherto  descrilied.  It  m^be  said  that 
there  are  no  materials  of  which  such 
machines  can  be  constructed  which  are 
perfectly  inflexible.  This  is  true ;  but 
we  have  before  observed,  tliat  the  most 
easy  method  of  teaching  the  science,  is 
to  suppose,  in  the  first  instance,  this 
perfect  inflexibility,  and  subsequently 
to  apply  to  the  results  eorrections  which 
will  adapt  them  to  cases  where  smiil 
degrees  of  flexibihty  are  found,  at  least 
to  those  cases  where  the  flexibility  pro- 
duces any  effect  sufficiently  great  to 
%lket  the    practical   accuracy  of  the 

On  the  other  hand,  the  machine  to 
whose  properties  we  are  now  to  call  the 
attention  of  the  student,  is  one  whose 
^cacy  depends  on  the  perfaetfteiihility 
of  the  material.  OnthissupDOtiitianoMS 
theory  will  neouBani^  \)«  fo^udtt^  «s& 
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a  flexible  string  be 
attached  to  the  weig;ht, 
passed  through  a  rinff 
at  P,  and  connected 


i%.M/ 


in  cases  where  this  supposed  flexibility 
is  not  found,  it  will  be  necessary  to 
apply  corrections  to  our  results  to  ren- 
der them  practically  applicable.  , 

(72.)  A  perfecUy  flexible  rope,  or  with  the  power  at  H, 
thread,  is  a  machine  which,  indepen-  and  the  ooject  will  be 
dently  of  the  usual  advantage  attending  evidently  accomplish- 
the  use  of  machines,  of  enabling  us,  by  ed.  For  if  the  rope  be 
the  aid  of  fixed  points,  to  support  supposed  to  be  per- 
a  considerable  weight  by  a  small  power,  fectly  flexible  and 
offers  what  may  be  considered  great  smooth,  it  will  suffer 
mechanical  convenience,  even  in  cases  no  resistance  either 
in  which  the  power  is  equal  to  the  from  rigidity  or  fiiction,  in  putiiig 
weight  or  resistance.  through  the  ring  at  P,  and  the  string 

A  flexible  rope  may  be  used  in  trans-    ^vill  be  stretched  by  the  same  force  in 
mitting  force  from  one  point  to  another    its  entire   length,  that  tension  bei^g  : 
in  the  direction  of  its         p(g^  53^  equal  to  the  weigjht  W. 

*        ""         "  '      *  But  since  it  is  impossible  in  practice' 

to  obtain  ropes  which  are  peiftitly 
smooth  and  flexible,  nor  to  consfrpofc 
rings  whose  surfi&ces  are  free  from  lAi 
asperities,  it  is  usual,  jF^.  55. 

instead  of  passing  ^t>.  "  '  \ 
the  rope  through  a 
ring,  to  pass  it  over  a 
grooved  wheel  which 
turns  freely  on  an 
axle,  or  on  pivots, 
as  m  Fig.  55 

The  substitution  of. 
the  wheel    for  the 


unriiij  iiiiiiiiiuaujir 


length.  Thus  the 
force  of  the  weight 
W  {Jig.  53.)  is  trans- 
mitted by  the  string 
a  to  the  hook  H, 
and  presses  on  the 
hook  in  the  same 
manner  as  if  it  were 
immediatel)r  suspend 
ed  from  it  without  the 
intervention  of  the 
rope  a.  This  power 
of  transmitting  pres- 
sure in  the  dvection  _-_    

of  its  length,  is  not  owing  to  the  flexi-    ring  is  attended  in  practice  with  two 
bliity  of  the  rope,  but  to  its  inextensi-     obvious  advantages :  itet,  it  removes 


biliti/.  This  quality  the  rope  enjoys  in 
common  with  an  inflexible  bar,  which 
would  also  transmit  the  force  of  the 
weight  to  the  hook  in  the  same  way. 
An  inflexible  bar,  however,  has  the  ad- 
vantage of  the  flexible  rope  in  transmit- 
ting force  in  the  direction  of  its  length ; 
for,  although  a  flexible  rope  will  trans- 
mit a  force  applied  at  one  end  to  the 
other  end  when  that  force  is  directed 
from  the  end  to  which  it  is  to  be  trans- 
mitted, it  will  totally  ffidl  if  the  force  be 
directed  towards  the  other,   in  which 


in  a  great  degree  the  effects  of  the  fric- 
tion of  the  rope  with  the  surface  of  the 
ring,  for  instead  of  the  sur&ce  of  the 
rope  sliding  on  the  surface  of  the  whed, 
that  surface  turns  with  it.  Secoiuilhr*  it 
diminishes  very  much  the  efi^ts  of  the 
imperfect  flexibility  of  the  rope,  whidi 
instead  of  being  suddenly  and  shar^ 
bent,  as  over  the  ring,  is  gradually 
deflected  upon  the  curvature  of  the  rim 
of  the  wheel. 

The  wheel,  therefore,  is  not  used  to  im- 
part tjpy  mechanical  (ulvantagejiaroperW 


case  the  inflexible  bar  will  be  effectual,  speaking  to  the  machine,  nor  is  it  at  ul 
Thus,  if  the  weight  acted  towards  the  necessary  to  be  taken  into  account  in 
hook  H,  which  would  be  the  case  if  it  the  theory  in  which  the  perfect  smooth- 
were  below  W,  the  string  a  will  fail  to  ness  and  flexibility,  the  want  of  whidi 
transmit  the  force,  but  if  it  were  an  in-  it  is  introduced  to  remedy,  are  pie-aup- 
flexible  bar  it  would  do  so.  posed. 

(73.)  One  of  the  greatest  conveniences  Thewheel  thus  used  is  called  apttl^, 

attending  the  use  of  a  flexible  rope,  is  and  hence  that  name  has  been  given  to 

that  by  its  means  a  force  in  any  one  di-  the  machine  itself,  and  its  various  modi- 

rection  may  be  made  to  balance  an  equal  flcations.      Some   writers    have    even 

force  in  any  other  direction.  Thus,  if  it  ascribed  to  tiie  wheel  thus  used,  the 

be  necessary  to  sustain  the  weight  W,  whole  mechanical  virtue  of  the  machine, 

(Jig.  54.)  acting  vertically  downwards, by  and  have  established  the  conditions  of 

I  power  which  acts  in  the  direction  P  H,  equilibrium  by  considenng  it  as  a  levor. 

let  a  point  P  be  assumed  directly  over  That  such  investigations  ara  founded  cm 

aie  weight,  and  in  the  line  P  H,  and  let  wrong  principles,  althou^  their  letutti 


hqipoi  to  be  tiiK,  ai^ieiTfl  from  thi*,  tennon.  The  wei^t  Wis  supported  by 
thatift*«ni[q)o«e  the  wheels  «ndblocks  the  puts  CAaudI)£  of  the  string,  and 
■bandoned,   and  the  ropes  maeW  to 


the  properties  of  the  pulley  may  be 
estaldiriied. 

In  onr  diagrams  of  pulleys,  we  shall 
alwm  represent  the  coida  as  acting 
in  the  usual  nay  over  wheels ;  but 
our  demonstrations  will  be  founded  only 
on  the  supposed  flexibility  of  the  string, 
and  its  pofect  power  en  transmitting 
tbrce  by  its  tension. 

<74.)  Tlie  mechanical  efficacy  of  erety 
mton  of  puUies  may  be  immediately 
mriTed  from  this  sini^le  principle,  that 
the  aame  flexible  »bnn^  must  always 
ratKr  (be  same  tension  m  every  part  of 
itsloigth.    •Thus,  if  the  weight  W     " 


it)  be  tiqipcnled  by  the  string  A . 

parts  of  the  string 


j.the 


must  be  e()ual  to  the  sum  of  the  ten- 
sions,  that  IS,  to  twice  the  tension  of  the 
'a  and  B  will   Iw  rope,   or    to   twice   the         jr,„  ,;fi 
equally  stretched,  power.    In  this  machine, 
and  consequently  therefore,    a    power    is 
the  two  hooks  are  capable  of  opposing   a 
^1^.56.  equally    engaged  resistance  of  twice    its 
in  sustaining  the  own  amount 
weight.      Hence,        We  have  not  noticed 
each  part  A  and  the  effect  of  the  weight 
B  of  the    string  of  the  pulley  A.    If  tfiis 
must  sustain  half  be  taken  into  account, 
the    wnght.      In  it  is  only  necessaty  to 
this  case  we  sup-  add    it    to  the  weight, 
rose  the  string  to  The  single  moveable  pul- 
be perfectly &ee in  leymayalsobe  so  con- 
passing    through  BhTicted  that  the  weight 
the  ring,  and  the  parts  A  and  B  to  be  will  t>e  three  times  the 
pBjslleL  power.  This  is  evidently 
(75.)  Pulleys  »xe  fixed  and  moveable,  the  case  in  the  urange- 
A  fixed  pulley  has  no  mechanical  ad-  ment  in  A?.  58. 

ronff^e,  since  the  power  Mid  weight  are  (77.)  lliere  are  several  systems  of 
equal  This  a^aratua  is  represented  pullies  woriied  by  a  single  rope.  In  all 
'  i".^'  55.  It  IS,  however,  very  conve-  these  there  is  one  moveabfe  block,  in 
nient  in  accommodating  the  direction  which  iM«efa  or  tfieavet  are  fixed,  over 
of  the  power  to  that  of  the  resistance,  which  the  rope  runs,  and  to  which 
Thus,  by  pulling  dowmcardt,  we  are  the  weight  is  attached.  In  estimating 
able  to  arvn  a  weight  MouxmU.  It  has  the  mechanical  effect,  the  moveable 
been  already  observed,  mat  by  means  of  block  is  to  Ik  considered  as  a  part  of 
this  simple  machine,  a  power  in  any  di-  the  weight.  Since  the  same  rope  is 
rection  whatever  may  be  opposed  to  a  successively  passed  over  all  the  wheels, 
resistance  in  any  other  direchon.  it  must  have  in  eveir  part  the  same 
(76.)  The  ttngle  moveable  pulley,  tension ;  and  since  the  part  K  sus- 
sometunes  called  a  runner,  is  repre-  tains  the  power,  this  tension  must  be, 
sented  in  Jig.  57.  In  this  machine  the  equal  to  the  power.  The  weight  (in- 
same  rope  extends  from  the  power  P  eluding  the  weight  of  the  block  to  which 
to  the  fixed  point  E,  and  has  the  same  it  is  attached)  is  supported  equally  by 
tension  throughout  its  whole  length.  each  part  of  the  rope,  mhieh  passes 
It  is  evident  that  this  tension  is  equal  between  it  and  the  fixed  block.  In  fig. 
to  thepower,forin  that  part  PBofthe  59,  the  weight  is  distributed  equally 
roue,  between  the  ^wer  and  the  fixed  amonA  four  ropes,  eac^  ol  >n\i\<^  y& 
{ndley,  the  power  u  wjqmried  liy  this  (tretcned  by  the  ixat  ni  Ka.t.  -^a«a. 


moBAinas. 


on  HMnto  tuH>     Th^  mm 
mH  plued  ride  bf  rid*  (mflN 


Uie  proportion  of  the  power 
wei^t  in  the  same  in  «U. 

In  this  amugement  of  the  ihomi 

it  is  difficult  to  keep  the  string*  puaDd, 

•nd  to  prevent  the  efieet  of  the  yowtr 

— J  — -;igtit  deranging  the  position  of 

'-- "-  the  manner  repreaentKl  in    ■ 


Fig.ea. 


BcMB.  In  tlui  eue, 
the    wn^t  is    four 

B  times  the  power. 

'  In  general,  in  s^ 
temi  of  pullie*  hivmf 
only  one  rope,  and 
one  moTeable  block, 
the  wci^lit  is  as  many 
times  the  power,  as 

there     are     different  the  blodu 

parts  of  the  rope  en-  Jig.  61. 
gaged  in  supporting        To  remedy  this  incon- 

Ihe  moveable  block,  venience  the   ingenioua 

,    This    must    be    veiy  and  powerful  airanoe- 

evtdent,    when    it    is  ment  represented  in  flg. 

con^a«d  tliat  each  f>2,  has  been  gug([est^ 

part  of  the  rope  which  To  prevent  con&iNon  in  I 

pastes    between    the  the  figure,  the  n^  has  I 

two  blocks  is  equally  been    omitted,  but    its  I 

engaged  in  sustaining  course    may  be   eanly  I 

the  weight  traced.  Suppose  one  ex-  I 

In  the  system  re-  tremity  attached  to  the  I 

presented  in  ^.  59,  hook  at  the  bottom  of  '^i    r  j 

if  the    rope,    instead  the    upper   block :    the    .^  *  ■ 

of  being  finally   at-  rope  atom  this  point  is    _  j  i 

tached  to   the   fixed  brought  under  the  wheel  ,•     '-J 

block,    weT«     passed  a,  over  b,  under  e,  over  [' 

over  a  third  wheel  in  d,  under  t,  over  /,  and  f- 

that  blocki  and  tlnally  so  on  according  to  the  H 

attached  to  the  lower  order  of  the  letters,  until  S 

block,     the     weight  it  finally  passes  over  the  li 


would  be  five 
the  power. 
(78.)  In  these  systems  the    wheels 


wheel  w,  and    is  then  | 

attached  to  the  power.  I 

In  this  case  there  ci 

no  derangement    in  the 

position   of  the  blocks, 

as  in  ^.  El.  sincK  the 

power  acts  immediately 

over  the  weight.     The 

weight  is  here  susliuned 

by  the  ropes,    which    pass  over  tai 

wheels,  ana  therefore  is  distributed  b^ 

(ween  twenty  parts  of  the  rope,  so  Oat 

the  weight  is  twenty  times  the  power. 

(79.)  All  systems  of  puUies  of  tUs 
kind,  however,  have  still  great  defbctf. 
The  great  numtwr  of  wheels  reqniall 
when  much  power  is  mjuired  increaici 
the  quantity  of  faction  prodigiously 
for  each  wheel  has  not  only  the  ftl  jtioo 
on  its  axle,  but  also  Uie  friction  agiinst 
the  side  of  the  block  inwhichitrevohct. 
Besides  this,  they  are  liable  to  pest 
inequali^  of  wear,  owing  to  the  dtonm- 
stance  of  revolving  on  their  axles  with 
different  velocities.  Suppose  that,  tv 
theaclion  of  the  power,  the  Iowa  UocK 
injlg.  fiS  19  movisi  one  foot  towardi  tbi 
upper  ttlock ;  it  is  evident  that  the  ic- 
Teral  parts  of  the  rope  between  dM 
blocks  will  be  each  shortened  by  OM 
Ebot.    Heacetteppeia  tiwtoiieloolaf 


mOHANIOS.  u 

Mrt  of  the  njM  iriikdi  attended  tiiu  wbed  be  tbree  feet,  it  viD  terohs 

the  hooli  in  the  uprier  block  to  the  once  during  the  (iq^sed  ucent  of  the 

.  a  tnu|tpuBOTertiiatwbed:  this  wnght     In  like  menner,  the  wheel  » 

>f  rope  murt  evidently  also  pan  will  revolve  once  if  its  circumference  be 

he  wheel!  b,  e,  and  all  the  sue-  &re  feet,  and  bo  on.    Thus,  then,  in 

ttf  wheels.     But  the  part  of  the  general    it    CoUowi!  that    the    aevoal 

prhich  extended  ftom  uie  wheel  a  whedi  will  revolve  in  the  muds  time,  if 

i  wheel  b  is  alio  shortened  by  one  thar  drcumfer«ncei  be  as  the  numbers 

This  foot  of  rope  must  therefore  I,  3,  S,  bo. ;  and  in  the  same  waj  it 

jver  the  wheel  b  and  all  the  luo-  may  be  prored,  that  the  wheeli  in  the 

■K  wheels  c,  d,  i^-c.    Henoe  one  upper  blodi  will  revolve  in  the  same 

)f  rope  passes  the  wheel  a  in  the  time  with   each  other,  and  with  the 

t,  and  two  feet  pass  b.    By  con-  wheels  in  the  lower  block,  if  their  dr- 

g  this  reasoning,  we  shallfind  that  cumferences  be  u  the  numbers  2,  4, 

fwt  of  rope  pass  c,  four  pass  d,  B,  Sec.,  or,  what  b  the  same,  as  the  suc- 

lo  on.     Now  the  velocities  with  cessive  int^er*  1,  8,  3,  &c. 

I  the  wheels  revolve  (their  disme-  The  circumferences    of  circles    are 

ring  the  same)  is  justly  measured  proportionBl  to  their  diameters,  and. 

e  quantity  of  rope  which  passes  therefore,  liy  constructinjf  the  several 

item  in  the  same  time.    Hence,  wheels  a,  £,  e,  tf,  Sec.  with  diameters  pro- 

Ihe  wheel  a  revolves  once,  h  re-  portional  to  the  successive  intqcai  1,  2, 

'  twice,  c  three  times,  d  fourtimes,  3,  &c.,  equality  of  near  would  be  ob- 
tained. 

But  still  the  multiplied  friction  of  a 


Hence  arises  that  inequa- 
'f  wear  which  we  have  already 
oned. 

we  attempt  to  remove  this  defect 
dng  all  the  wheels  on  the  same 
I  so  as  to  compel  tham  to  turn  vrith 
une  velocity,  we  shall  introduce 
er  source  of  friction  and  cause  of 
much  greater  than  the  fonner ;  for 
the  rope  passes  over  the  wheeits 
lifferent  velocities,  while  they  re- 
with  the  seme  velodty,  it  must 
tatily  scrape  or  slide  more  or  less 
e  grooves  of  alJ  of  them,  one  ex- 

5  great  object,  therefore,  in  the 
ruction  of  such  a  system  of  pulUes 
I  be  to  make  them  all  revolve  on 
axles  in  the  same  time,  so  as  to 

unequal  wear ;  and  yet  that  their 
es  or  circumferences  should  have 
ent  velocities  equal  to  those  of  the 
in  passing  over  them. 
'.)     These  ends  were  all  attained 

pulley  invented  by  Mr.  Jamei 
e.  In  order  that  the  successive 
s  should  revolve  in  the  same  time, 
astructed  them  of  different  magni- 

;  and  so  that  their  several  dr- 
scnces  would  be  equal  to  the 
1  of  rope  which  passes  over  them 
s  same  time.  This  will  be  easily 
itood  by  recurring  to^.GS.  Sup- 
the  circumference  of  the  wheel  o 

one  foot:  it  makes  one  revolu- 

while  tlie  lower  Mock  b  raised 
g^  one  foot  towarcb  the  upper 
.    In  this  time  three  ftet  of  rope 

over    the  circumi^rence   of  tne 

e.    If  then  ate  e 


at  number  of  difbent  wheda  would 


tain*  the  wo^  npportt  t  pot  of  flw 


RurfHcei  vrilh  the 
blocks.  To  remoTe 
this  defect,  Mr.WhiU 
concaved  the  notion 
of  reducing  all  the 
wheels  in  the  aame 
block  to  one;  or  ra- 
ther, instead  of  using 
sepsnte  wheels,  to 
cut  several  circular 
grooves,  with  the  dia- 
metns  ne  have  al- 
ready described  upon 
\ijeiamev>/ieel.  Tliua, 
all  the  frictioti  was  re- 
duced to  that  of  the 
pivots,  and  the  lateral 
biction  of  one  vheel. 
This  pulley  is  repre- 
sented m^f.  63,  64, 
and  it  nill  be  easily 
understood  from  the 

ill  8r"°fn£"K 

I '  H  every  other  system  in 

IllilH        whic^  there  is  a  sinele 

iBpe,  the  rfeight  is  as  many  times  the 

Doner  as  there  are  ropes  sustaining  the 

loner  block. 

(81.)  The  condition  of  equilibrium 
in  all  sudi  systems  may  be  mathemati- 
cally expressed  thus:— 

W  =  f.P; 
where  n  signifies  the  number  of  parts 
of  the  rope  which  sustain  the  lower 
block,  and  where  W  expresses  the 
w«ght  sustained  and  the  weight  of  the 
lower  block. 

Fi„  R'.  *^''^  We  have  now 

d  the  princi- 


iiieh  there 
rope.  Much  pow- 
er, tii)«pver,  may  be 
Coined  by  increasing 
llie  immber  of  ropes. 
\w  figf.&'j,  G6,  are  re- 
presented iy  stems  with 
two  rope*  and  two 
moveablf  pullies,  call- 
ed ^paiiisk  burtoru. 

In  ihi.>  system  repre- 
sented in  fig.  as,  the 
tension  of  the  rope  P 
Q  ist<)im]  to  the  pow- 
er, and  this  rope  being 
finiilly  iittacEied  to 
Uje  jiuUey  which  ni> 


of  both  parts  of  the  rope  extending  from 
fito  the  woght  and  power,  and  therdbre 
its  tension  is  twice  tjie  power,  and  being 
brought  under  the  pull^  wUeh  sustains 
the  weight,  and  finally  att&dwd  to  the 
fixed  point,  it  luttaina  a  part  of  tbe 
weight  equal  to  four  times  the  powa-. 
Thus,  the  whole  weight  must  be  equal 
to  five  times  the  power.  The  power 
being  taken  as  the  unit,  the  number 
placed  at  each  rope  expresses  the  part 
of  the  wdgfat  which  it  suatains. 

The  system  repre-  Pig.  66. 

sented  in  fig.  66  haa^ 


also  two  ropes,  but  « 
is  not  so  powerful  as 
the  former.  The  ten 
uon  of  the  rope  ex- 
tending fi-om  the 
power  to  the  fixed 
point  is  equal  to  the 
power,  and  the  ten- 
sion of  that  extend- 
ing from  the  pulley 
B  to  the  weight  is 
obviously  equal  to 
twice  the  power. — 
Thus,  the  weight  is 
four  times  the  power. 
The  tensions  are 
here,  also,  expressed 
by  the  figures  placed 
at  the  ropes. 

In  both  these  systen 
the  pulley  B  assists  the  power,  t 
of  A  opposes  it.  In  the  system  repre- 
sented in  Fig.  65,  if  the  weight  of  the 
pulley  B  be  half  that  of  A,  the  weights 
of  the  two  pullies  will  balance  one  ano- 
ther; but  if  the  weight  of  B  be  moi« 
than  half  of  A,  the  power  will  be  aanit- 
ed,  and  a  less  power  than  the  fifth  pait 
of  the  weight  will  sustain  equiUbnnm. 
If  the  weight  of  B  be  less  than  half  of 
A,  a  contrary  effect  will  take  place. 

In  the  system  represented  in  Pig,  fit, 
if  the  weight  of  B  be  equal  to  £at  of 
A,  it  will  exactly  balance  it.  If  it  be 
greater  or  less,  it  will  assist  or  oppose 
the  power. 

(83.)  In  fig.  67,  a  system  of  pullies 
is  represent^  with  four  ropes,  in  which 
the  weight  is  sixteen  times  the  pomr; 
for  the  tension  of  the  rope  D  Els  evi- 
dently equal  to  the  power,  becauae  it 
sustains  it  D,  beins-  a  moveable  puOty, 
must  sustain  a  wei^t  equal  to  twice  die 
power ;  but  the  weight  which  it  sustains 
uthe  ttnsioii  of  tM  Mcond  n^  D(X 


able  puBef  in  j^.  58,  ud  fig.  SB  ex- 
hibits a  series  of  such  polleyi.  B]r 
fig.  SB,  it  fbllowa  that  the  tension  of  the 
second  rope  is  three  times  that  of  the 
first,  which  is  equal  to  the  power.  The 
teoiioQ  of  the  third  is  three  times  that 
of  the  second,  or  nine  times  that  of  the 


Henoe  the  tension  of  the  second  rope  is 
twice  that  of  the  first:  in  like  manner, 
the  tension  of  the  third  rope  is  twice 
that  of  the  second,  and  so  on,  the 
weixht  being  equal  to  twice  the  teniion 
ofthe  last  rope.  If  then,  as  in  the  pre- 
sent instance,  there  be  four  ropes,  the 
tension  of  the  first  is  F,  that  of  the 
second  2  P,  that  of  the  third  2  x  2  P  or 
4  P,  that  of  the  fourth  2x2x2Por8 
P,  and  theiefbre  the  weiirht  W  will  be 
16  P.  ■ 

It  is  obvious  that  each  rope,  which  is 
added  to  such  a  lyMem,  niU  double  its 
elTect,  and  that  the  condition  of  equili- 
tniiun  expressed  mathematicaUy  wul  be 

W  =  2'P: 
n  npressing   the  number  of  distinct 
nmes. 

In  this  case  the  effect  of  the  wei^ts 
of  the  pullies  themselves  is  nc^ected; 
but  it  u  evident  that  they  act  a^nst 
the  power,  and  therefore  that  it  requires 
a  certain  power  to  sustain  them,  even 
when  unloaded. 

(84.)  The  power  of  this  system  may 
be  greatly  increaaed  vrithout  mcreasing 
the  number  of  ropes,  by  substituting 
fixed  polieys  fbr  the  hooks  to  which 
Meh  rope  is  flraDy  attacthed.  Thif 
BMtbad  m*  ifiplMd  to  ■  snglo  move* 


first,  and  so  on,  the  weight  being  three 
times  ttie  tension  of  the  last  rope. 

In  the  present  example  thete  are  hut 
four  ropes,  and  the  weight  is  81  times 
the  power.  The  relation  between  the 
power  and  weight  in  such  a  system 
mar  be  express«l  mathematically  thus : 

W=3>P; 
M  being  the  number  of  distinct  ropes. 

The  efiecl  of  the  weights  of  the  pul- 
leys themselves  in  this  case  is  also  in 
opposition  to  the  power,  and  robs  the 
machine  of  part  of  its  efiicacy. 

(85.)  A  powerful  system  is  repre- 
sented in  At.  69.  In  this  system  each 
rope  is  finaSy  attached  to  uie  weight. 
The  first  rope  sustains  a  part  of  the 
weight  which  is  equal  to  the  power. 
The  tension  of  the  second.  ici^'\«^'<rai)k 
that  of  the  ftnt,  an!  &et«£i3R'4.'sa:Axa» 
«  part  ot  ttM  nei^l  e(s»j4  VQ  Vw«»*» 


poirar.  In  like  jatamm  Uu  third  siu- 
uinB  a  part  equal  tn  four  (iiiicii  the 
powfT,  and  so  oa,  the  pail  suitained  Inr 


ich  rope  being  double  that  which  ta 

iitained  bf  the  pnoeding  one. 

In  this  case  the  wei^t  is  equal  (o 


d  bf  the  pnoeding  oi 

_Ji  case  the  wei^t  it  _. 

the  fum  of  the  tensioiu  ^  an  the : 


osioiu  <»  an  the  striiin 
ople  represented  in^ 
Ktimeathaponer. 


It  ia  not  difficult  to  give  a  general 
mathematical  investigation  of  the  rela- 
tion between  the  power  and  vreighL 
Tlie  tensions  of  the  several  ropes  by 
whioh  the  w«rfit  is  sustained  are  P, 
2  P,  2'V,  9,P,  Sic.  and  if  n  be  the 
number  of  ropes,  the  tension  of  the  last 
is  2  ■►-I  p.    8o  that  we  have 

W=P.  (l+3  +  2,  +  2>-f-  ...  .2—') 
But  the  series  wilhin  the  parentheses 
bcina;  in  geometrical  progression*,  its 
sum  is  2  ■— I .    HencH  we  have 

-It  P. 

.tern 

i   pom  .    _      

increasing  the    number  of  ropes,  by 

Sassing  each  rope  round  a  pulley,  and 
nally  attacliing  It  to  the  moveal'le 
pulley  over  which  it  first  passed,  as  in 
/Is-  JO.  The  numbers  placed  upon  the 
ffvavl  npes  expTcia  tne  parta  of  the 

'«■■  Ouun^  Avatar  X^ilnh  p.  t7. 


weight  vhioh  ther  refpeotivelf  fupport, 
the  power  being  Uie  unit  In  the  aj^em 
in  the  figure  the  weight  ia-l8S  times  the 

lite  general  mathematieal  inTesti- 
gation  of  the  relation  between  the 
power  and  weight  is  sunilar  to  that  in 
(85.)  The  parts  of  the  wei^t  ii^ 
ported  by  each  successive  rope  is  2  P, 
6  P,  18  P.  54  P,  &c.and  that  which  is 
supported  by  Uie  last  rope,  the  number 
being  n,  is  2.  a."-*  P.    Hence  we  have 

W=:2p()+3+3'+3'+  ....3"_,). 
Sumniing  the  geometric  series  within 
the  parentheses,  we  have 
W=(3--1.)P. 
(87.)     The  various  systems  of  pulliei 
which  we  have  here  described  are  not 
offered  to  the    student    as   machines 
which  he  will  freouently  find  adopted 
in  practice,  but  rather  as  an  exercise  in 
the  combination  of  these  enginw,  and 
aitttebatt  meuu 


108.  39 

flie  memory  the  gnieral  prindples  upon  power,  we  invariably  lose  just  as  much 

which  the  mechanical  agency  of  p\mies  m  velocity  as  we  ^m  in  force. 

is  to  be  investigated.  (88.)  We  have  hitlierto  supposed  that 

like  all  other  machines,  the  pulley  the  ropes  by  which  the  pulleys  are  sus- 

obeys  the  iprincAiple  of  virtual  velocities;  tained  are  all  in  the  vertical  direction, 

thit  is,  the  ascent  of  the  weifi;ht  is  as  When  this  is  not  the  case,  the  several 

many  times  less  than  the  simultaneous  results  which  we  have  obtained  are  not 

descent  of  the  power  as  the  weight  ai)plicable.    Injfg,  71  the  power  sus- 

itself  is  g^reater  than  the  power.  tains  the  weight  by  the  tension  of  a 

Thus  in  the  single  moveable  pulley  rope,  in  which  the  parts  are  not  paraUeh 

represented  in  Jig.  57,  if  the  power  Let  E  F  (fig,7\,)  be  the  vertical  line 
d»cend  throiu^  two  feet,  two  feet  of  the 
nme  CADE  will  pass  over  the  fixed 
pulley  6  C.  Hence,  that  part  of  the 
rope  will  be  shortened  by  two  feet,  and 
therefore,  each  of  the  parts  C  A  and  D 
£  will  be  shortened  by  one  foot  Thus 
the  weight  ascends  through  one  foot 
while  the  power  descends  tnrough  two 
feet,  that  is,  the  velocity  of  the  power 
is  twice  that  of  the  weight.  But  by 
(76)  it  appears  that  the  weight  is  equal 
to  twice  trie  power. 

In  the  same  manner  it  may  be  proved  through  which  the  centre  of  gravity  of 

that  in^.  48,  while  the  power  descends  the  weight  passes,  and  from  F  draw  F  G 

through  three  feet,  the  rope  extending  and  F  H  parallel  to  D  C  and  A  B.  At  the 

from  the  fixed  pulley  to  that  end  which  point  E  three  forces  may  be  considered 

is  attached  to  the  piuley  wMch  supports  as  actinc*  which  are  in  equilibrium,  viz. 

the  wei^t  is  shortened  by  three  feet,  the  tensions  in  the  directions  E  H  and 

and  therefore,  each  of  the  three  parts  E  G,  and  the  weight  W.    Hence,  by 

engaged  in  supporting  the  weight  is  Treatise  I.  (9),  these  forces  must  be 

shortened  by  one  foot    Hence,  it  ap-  represented  by  the  lines  E  H,  E  G, 

pears,  that  uie  velocity  of  the  power  is  and  E  F.    But,  since  the  tension  of 

three  times  that  of  the  weight ;  by  (76)  every  part  of  the  rope  is  the  same,  and 

it  was  proved  that  the  wdght  is  three  equal  to  the  power  P,  the  sides  E  H 

times  ttie  power.  and  E  G  of  the  parallelogram  must  be 

In  j^neral,  in  all  83rstems  of  puUies  equal,  and  .therefore  the  diac2:onal  E  F 

in  which  there  is  but  one  rope,  the  must  divide  the  angle  G  E  H  into  two 

space  through  which  the  power  de-  equal  parts.    Hence,  it  follows  that  the 

scends  is  equal  to  the  entire  length  by  weight  will  always  settle  itself  into  that 

which  the  rope  extending  fi^m  the  pul-  position  in  which  the  two  parts  A  B, 

1^  next  the  power  to  its  extremity  is  1)  C  of  the  rope  will  be  eoually  inclined 

shortened*    But  this  length  is  distri-  to  the  vertical  line,  and  it  will  have  to 

buted  equally  between  all  tlie  parts  ot  thepower  the  same  ratio  as  E  F  to  E  H. 

the  rope  which  are  engaged  in  support-  Tnose  who  are  conversant  with  tri- 

ing  the  weifi:ht  Hence  each  part  will  be  gonometry  will  perceive,   that  if  the 

shortened  by  a  quantity  as  many  times  angle  A  £  D,  at  which  the  parts  of  the 

less  tiian  the  descent  of  the  power  as  suspending  rope  are  inclined,  be  called 

there  are  parts  of  the  rope  engaged  in  E,  we  have 

sujmorting  the  weight    But  the  number  E  F  :  £  H  : :  Sin.  E  :  Sin.  i  E. 

of  these  parts  expresses  the  proportion  But  Sin.  £  =  2  Sin.  i  E  Cos.  ^  E. 

of  the  weight  to  me  power.  Hence 

Thb  reasoning  wiu  be  easily  applied  £  F  :  E  H  :  :  2  Sin.  i  E  Cos.  }  E  : 

to  the  systems  represented  mjfge.  59,  Sin.  4  E. 

60,  63,  &c.    We  shall  not  pursue  this  £  F  :  E  H  : :  2  Cos.  i  E  :  1 

investigation  to  the  other  systems.  By  .  • .  W  :    P    : :  2  Cos.  J  E  :  I 

adopting  a  similar  method  of  reasoning,  W  =  2  P  Cos.  4  E ; 

the  stu£nt  will  find  no  difficulty  in  per-  that  is,  twice  the  power,  multiplied  by 

oeiving  that  it  is  applicable  to  all  of  the  cosine  of  half  the  angle  under  the 

them,  and  that  universally  as  we  gain  ropes,  is  equal  to  the  weight. 

great  mechanical  dficacy,  that  is,  raise  (89.)  In  the  same  way  the  efiect  of 

m  rmjrgnat  woi^  irath  a  very  small  the  obWquit)  oi  \hft  toy^^  \&a.^\^^  ^^ 


termined,  wfiitever  be  the  sTstem  of    Chaptib  TS^-OH  Ou  hoMud  Plam. 


-llWM* 

inclined  obliquely  to  the  weight  or  ttw 
resistance  to  be  ovwcome. 

Let  the  line  LH  (fig.  73.)  be  hori- 
lonl&l,  and  let  L  M  be  a  perfectly  hard 
and  smooth  plane,  fimning,  with  the 
horizontal  plane,  the  angle  M  L  H, 
caUed  the  elevation  at  the  plane.  Th« 
line  L  M  ia  called  its  Urtglh,  M  H  iti 
height,  and  L  H  its  bate. 


the  power.    Let  the  tendon  of  the  se- 
cond rope  be  t.    Then  by  (SB)  we  have 

*  =  2  P  Cos.  )  A", 
A"  being  the  angle  under  the  parts  of 
the  first  rope. 

In  like  manner,  if  /'  be  the  tension  of 
the  rope  A  A',  we  have 

V=2t  Cos.  \  A'. 
and  in  the  same  way 

W  =  2  C  Cos.  \  A. 
Multiptyine  these  three  equotiont  to- 
gether, we  nave 
W  ('  i  =  PC  (  Cos.  i  A  Cos.  )  A 

Cos.  }  A". 
Omitting  the  common  multipliers  ('  t, 

W= 8  P  Cos.  \  A  Cos.  \  A'  Cos.  i  A". 
It  is  easy  to  see  how  a  similar  inves- 
titration  may  be  extended  to  any  case 
in  which  the  ropes  are  oblique. 

(90.)  Friction  has  always  t>een  a  ereat 
source  of  waste  of  power  in  pullies. 
This,  however,  has  been  in  a  great  de- 
gree removed  bv  an  mgenious  contri- 
vance of  Mr.  Garnet,  called  /riction- 
Tolleri.  Thev  not  only  save  expense 
and  labour,  but  also  considerably  di- 
minish the  wear  of  the  machine.  The 
principle  is  this :  between  the  axis  on 
which  the  wheel  turns,  and  the  con- 
cave cylinder  or  box  in  which  that  axis 
is  placed,  a  hollow  space  is  left  to  be 
titled  by  solid  equal  rollers,  nearly 
touching  each  other.  These  are  fur- 
nished with  axles,  inserted  in  a  cir- 
cular ring  at  each  end,  by  which  their 
relative  distances  are  preserved,  and 
they  are  kept  pamJlPl  liy  means  of 
wires  fiislened  to  the  nngs  between  the 
roJJen,  aad  v/liUib  arts  riretted  to  them. 


Let  A  be  a  woght  placed  upon  thi* 
plane,  and  sustained  by  a  ^wer  in 
anv  direction,  as  A  C.  The  body  A 
is  kept  at  rest  by  three  forces  acting  at 
its  centre  of  gravity:  1°,  the  force  of 
gravity,  W  acting  in  the  vertical  di- 
rection, AW;  2^  the  power  P  acting 
in  the  direction  A  C  ;  and  3°,  the  re- 
sistance R  of  the  plane  acting  in  the 
direction  A  B  perpendicular  to  the 
plane.  Now,  since  the  weight  W,  in 
the  direction  A  W,  resists  the  forces  P 
and  R,  in  the  directions  A  C  and  A  3, 
it  must  be  equal  and  opposite  to  the  re- 
sultant of  these  two  forces.  (Treatise 
1,  Chap.  II.)  Suppose  A  D  drawn 
directly  upward,  in  the  direction  W  A, 
and  from  any  point  D  draw  D  C  and 
D  B,  parallel  to  A  B  and  A  0  respec- 
tively, and  it  follows  that  the  wei^t, 
the  power,  and  the  resistance  of  the 
plane  will  be  proportional  to  the  lines 
A  D,  A  C,  and  A  B.  This  may  easily 
be  verified  l>y  experiment.  On  a  ver- 
tical  plane  l>ehmd  the  power  and 
weight,  draw  the  line  A  D  vertical, 
ana  from  any  point  D  in  it  draw  D  C 
in  a  direction  at  right  angles  to  the 
plane.  Upon  measuring  the  lines  A  D 
Koi.  A  C,  tttej  'ni^  bt  &uad  to  tun 
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•uetir  Ihe  nrae  proixn-tion  a*  the 
weight  W  wid  the  power  P.  TTw 
quantit;f  of  the  reaistitnce  may  be  de- 
termini,  experimentally,  in  the  same 
manner.  Let  a  string  be  attached  to 
the  neiirht,  anJ  bmueht  in  a  direc- 
tion A  B,  over  a  fixed  pulley,  and 
let  a  neiKht  R  be  suspended  from  it, 
nhich  will  bear  the  same  ratio  to  W 
and  P,  u  the  Une  A  B  or  D  C  bears 
to  the  Unes  A  D  and  A  C.  Upon  re- 
moving the  plane,  it  will  tie  found  that 
the  w«ght  A  will  remun  suspended, 
undisturtied  in  its  position.  Hence,  it 
appears  thnt  the  tension  of  the  string 
A  C,  which  is  a  force  eaual  to  the 
weight  R,  supplies  the  place  of  tlie 
plane,  and  produces  the  same  mecha- 
nical effect  The  force  R,  therefore, 
is  the  amount  of  the  pressure  of  the 
weii^t  upon  the  plane*. 

Since  all  equiangular  triangles  have 
thdr  sides  proportional-f-,  itfohows  that 
if  any  triangle  tie  drawn,  whose 
are  equal  to  those  of  a  triangi 
side  ot  which  is  vertical,  anotn 
pendicular  to  the  plane,  and  the  third 
m  the  direction  of  the  power,  the  sides 
of  that  Iriansle  will  always  be  pro- 
portional to  the  power,  the  weight,  and 
the  pressure  upon  the  plane.  This  re- 
lation Ijetween  the  power,  weicht,  and 
pressure  may  be  very  simply  expressed 
mathematically.  Let  the  angle  iormed 
by  the  vertical  line  A  D,  (fig.  73.)  and 
the  perpendicular  A  B  to  the  plane  be 
A,  and  let  the  angle  B  D  A,  formed  by 
the  vertical  line  A  D,  and  the  direction 
A  C  of  the  power  be  D  ;  and  the  angle 
under  the  direction  of  the  power  A  C, 
and  the  perandicular  to  the  plane,  viz. 
D  B  A  be  B.  Since  the  sides  of  tri- 
angles are  proportional  to  the  sides  of 
the  opposite  angles,  we  have 

P    _   Sin.  A       R  Sin.  D 

W  ~  Sin.  B      W     °^     Sin.  B 

(93.)  In  the  preceding  investigation 

of  the  proportion  of  the  power,  weight, 

and  pressure,  we  have  conceived  the 

fomer  to  act  in  any  direction  whatever. 
f  it  act  in  the  direction  of  the  plane, 
the  triangle  whose  sides  will  determine 
its  proportion  to  the  weight,  will  lie  A 
C  B,  Qig.  74.)  in  which  B  C  is  the  di- 
rection of  the  power,  A  B  ofthe  weight, 
and  A  C  of  the  pressure.    ITus  triangle 

•  Tilt  tiiwrinmta  which  we  hire  ihonithl  it  tA- 
Tiwiilc  la  ducribe.  in  Tclilralirm  or  Ihf  lh«>rr,  lis 

tr  1^  Aiory  iatBllifihlA  wdfpaddnJof  mochiBA- 


is  evidently  similar  to  the  triangle  F  D 
E,  formed  by  the  height,  lenRth,  and 
base  of  the  plane.  Hence,  in  this  case, 
the  height  D  F  of  the  plane  represents 
the  power,  the  length,  the  weight,  and 
the  base  ofthe  pressure. 

This  may  bo  veriiied  experimentally. 
Let  a  thread,  attached  to  the  weight  A, 
be  hrough*  parallel  to  the  plane,  and 
passed  over  a  fixed  pulley   at  D ;  let 


such  a  wdght  V  be  suspended  from  it, 
as  will  l>ear  tlie  same  proportion  to  A 
asthe  height  D  E  bears  to  the  length 
T)  C,  and  it  will  be  found  to  sustain  tha 
weight.  The  amount  ot  the  pressure 
may  be  shewn  to  be  represented  by  the 
base  C  E  in  a  manner  exactly  similar 
to  that  explained  in_fig.  73. 

This  may  be  expressed  mathema- 
tically thus :  let  E  tie  the  elevation  of 
the  plane 

iP     DE    „.    -.      R     CE    „ 
W^DC=8'n-E      ^=-=Cos.E. 

{93.)  If  the  power  act  in  a  horizontal 
direction,  or  parallel  to  the  base  of  Ihe 

Elane,  its  proportion  to  the  weight  will 
e  that  ofthe  height  ofthe  plane  to  the 
base.    For,  in  Jig.  76,  kt  A  B  be  ver 


tieal,  and,  therefore,  in  the  direction  of 
the  weight;  and  let  A  D,  parallel  to 
the  base,  t>e  in  the  direction  of  the 
power,  &nd  AC,  9er^n&vc^^ax Va ^« 
plane,  vrill  b«  iatttft  ducft^aQl^tot*- 
listauoe. 
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The  resistanoe,  or  preisure  A  C,  will,  panllel  to  tiie  pUnei  on  «UA  ftw 

in  this  case,  be  the  resultant  of  the  respectively    test.       Conndering    od} 

weight  and  power,  which  will,  therefore,  the  inclined  pUne  A  B,  tbe  powar,  flut 

be  represented  b;  A  D  and  A  B,  ur  b«  is  the  tension  of  the  abing,  the  weUit 

B  C  and  A  B.— (Treatise  I.  Chap.  ILj  P  and  the  pressure  are  represented  ty 

But  the  triangle  A  B  C  is  similar  to  B  D,  B  A,  and  AD,   respcctivclT  (K). 

the  triangle  L  M  H,  beine  equiangular  In    like  manner,  coniidmiig  oiujr  thi 

with  it ;  and,  therefore,  the  power  will  plane  B  C,  the  power  or  tension  of  th« 

be  represented  by  the  height  M  H,  tha  string,  the  w^sht  W  and  the  pranm 

woght  by  the  base  L  H,  and  the  pre»-  are  represented  by  B  D,  B  C,  and  CD, 

sure  by  the  length  L  M.  respectively.     The  power,  or  tension  of 

To  expreis  this  mathematieallyt  the   string,  bdng  the  same  ibr  both 

have  planes,  it  follows  that  the  weighta  P  and 

P  _  MH                   R     LM  W  ate  as  the  lengths  B  A  ajidBC.  and 

'^~Xk~           '    w'LH  "  *••*'  *«  pressures  are  as  the  line*  AD 

1  and  CD. 

p — jj  =  Sec,  E.  This  may  be  submitted  to  the  test  of 

^°^-     .          .,   .  .,  experiment,  by  ascertaining  the  poiMi 

(94.)  It  IS  easy  to  see  that  the  power  p_  ^tijch  supports  any  given  wMght  W, 

acts  to  ^;Teatest  advantage,  when  itsdi-  and  measunngthelengSisof  the  planea, 

rection  is  parallel  to  the  plane.    Tlua  They  will  always  be  fSund  to  be  in  the 


■.e  by  mathe- 


!   proportii 


To   determine  the 


^.  iufEciently    proportion  of  the  pressures,  let  threads 

plsun,    irom    considering,  that  if  the    be  attached  to  P  and  W,  and  brought  in 


power  be  directed  above  the  pli 
■n  Jig.  73,  it  is  partly  spent  m  lifting 
—  "■-  P» 


lught  m 
directions  perpendicular  to  the  plane* 
■  -.  -        ■,      1     -  ,u     --    °^^  *"**'  pulleys,  and  let  weights  B' 

ipht  from  the  plane,  or  rather  in  ^„d  r  be  suspended  from  them,  which 
diininLaliing  the  pressure,  and  only  ghall  have  the  same  proportion  to  P 
partly  in  drawing  it  up  the  plane  If,  ^nd  W,  as  the  lines  AD  and  C  D  have 
on  the  other  hand,  it  be  directed  below  to  B  A  and  B  C,  and  upon  removing 
the.plane,asinj!,f.  76,  It  IS  spent  partly  the  places  from  beneath  the  weighU, 
in  pressing  the  weight  against  the  plane,  they  will  retsun  their  positions  undis- 
and  only  partly  in  drawing  the  weii,'ht    turbed. 

wp  the  plane.  This  will  be  very  evi-  (gg  j  The  prindpleof  rirtual  velod- 
dent  to  the  student,  who  has  attended  ties  may  be  easily  applied  to  the  inclined 
to  what  has  been  said  of  the  conroo-  pi^ne.  In  JSg.  75,  suppose  that  at  the 
Bition  of  forceinChap  II.  of  ourflrst  commencement  of  the  motion  the  weight 
Treatise.  But  if,  on  tlie  other  hand,  jg  ^t  the  foot  C  of  the  plane,  and  the 
the  power  acU  parallel  to  the  plane,  its  p^,^^.g^  ,,  ^t  the  top  D  of  tha  altitude. 
whole  effect  vnll  be  spent  in  drawing  ^^t  the  power  tlien  descend  until  the 
the  weight  up  the  plane.  waght  shaU   arrive  at  the  top  of  the 

(95.)  If  a  weight  on  one  inclined  plane  jjane.  It  wiU  have  descendedT  through 
he  supported  by  a  power  on  another,  aspacoequal  to  the  length  of  rope  whk* 
their  proportion  will  be  that  of  the  has  passed  over  the  pulley,  that  is, 
equal  to  ttie  Icnglh  of  the  plane,  and  at 
the  same  time  the  wei^t  will  have 
ascended  through  a  space  equal  to  the 
hoght  of  the  plane ;  so  that  the  peipo)- 
dicular  spaces,  through  which  the  wei^t 
and  power  move  in  the  same  time,  are 
the  height  and  length  of  the  plane,  and 
these  are.  therefore,  tlie  proportion  of 
their  velocities.  But  the  proportion  of 
the  weight  to  the  power  is  that  of  the 
length  to  the  height  Hence,  the  power 
lenethsoftheplanesonwhichtheyrest.  and  weight  .-ire  reciprocidly  as  their 
In  this  case  we  may  consider  P  and  W  I'ertical  velocities,  which  is  confbrmaUa 
(/p.  77.)  as  tivo  weights,  sustained  on  to  the  in-mciple  of  vu'tiial  velocities, 
two  incUned  planes,  A  B  and  C  B,  "  """'''  ""'  l«  difficult  to  show  the 
by  the  tension  of  the  string  which  appliealioii  of  this  pnnoiple  to  the  other 
unites  them,  and  which  is  the  com-  modihcations  of  the  inclined  plane;  but 
moa  power  which  sustains  both,  and   ^^w"*  " 

which  tupparta  each  in    a   direatum   P*>^ 
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I  In  Om  fawHiad  pluw.  thsnfbra,  the  &cm  of  the  mdge  wiUi  the  timber 
lerf  other  mediuiical  power,  ne  ought  to  be  sufficient  to  prevent  ita 
locitf  in  proportion  as  we  inereate    recoil. 

X.  In  some  instances,  however,  Thewedge  may  be  considered  as  formed 
an  advantage.  Forinst&nce,  in  bj  two  inclined  planes  placed  base  to 
ined  plane  constructed  forlaunch-  base,  thdr  altitudes  forming  the  back  of 
hip.  Here  the  plane  is  slightly  in-  the  wedge.  The  power  being  generally 
and  the  power  which  would  sus-  apphed  perpendieularly  to  the  back  wifi 
«  vessel  on  the  plane  (allowing  be  parallel  to  the  cooimon  base.  But  it 
iects  of  friction)  is  equal  to  the  is  aniored:fficult  matter  to  say  in  what 
with  which  the  vessel  descends,  direction  the  resistance  is  to  oe  consi- 
iwine  to  the  small  elevation,  is  dered  as  acting  against  the  &ce  of  the 
wedge. 

In  the  theoiy  of  the  wed^e,  there  are 
introduced  so  many  conditions,  which 
,  ,_,  .         ,. ,  „  , .  ,     are  perfecOy  inapplicable  in  practice,  so 

I  Wbdq«  u  a  sohd  figure,  which  a^ny  eratuitous  assumptions  and  sup- 
dm  geometry  AtnatwularoTUTTi.  positions  so  inconsistent  with  practical 
.  ends  are  equal  and  similar  tn-  truth,  that  the  whole  doctrine  has  hitlo 
and  its  three  sides  are  reetan-    qj  ^o  value. 

parallelograms.  This  figure  is  Qne  of  "the  drcumstances,  which 
nted  m^*.  78,  79.  creates  the    greatest  difficulty  in  the 

wedge  IS  veiy  generally  used  in  theory  of  the  wedge,  is  the  very  hetero- 
geneous nature  of  the  resistance,  and  the 
force  ot  power  by  which  it  is  overcome. 
Tlu  resistance  is  generally  that  modifi- 
cation of  force  called  ressure.  The 
power,  which  is  opposes  to  this  resist- 
ance, is  commonly  that  species  of  action 
called  pereutsiort.  These  are  modifica- 
tions of  force  so  totally  difierent  as  not 
even  to  admit  of  comparison.  It  haa 
been  generally  thou^t  that  there  is  no 
blow  or  impaet,  however  slight,  which 
will  not  overcome  a  pressure  or  resist- 
ance however  great.  Prom  which  it 
would  seem  to  follow,  that  an  infinitely 
small  impaet  is  equivalent  to  an  infi- 
nitely great  pressure.  Be  this  as  it  may, 
however,  the  great  difierenee  between 
these  modifications  of  force,  is  suffi- 
ciently evident  to  demonstrate  the  total 
impossibihty  of  establishing  the  condi- 
tion of  equihbrium  of  a  machine  in 
which  the  wei^t  or  resistance  is  a  force 
of  the  one,  ai^  the  power  is  a  force  of 


rativdy  trifling. 
BAPTKftX.— On  tbs  Waigi 


Fig.  78. 


%  timber,  in  which  case  its  ei 

<dnced  into  a  cleft  already  mi        _. „_, 

dve  it,  and  it  is  ui^   at  the    the  other  spedes. 

Nothing,  therefore,  can 


»?•» 


, e  plainly 

demonstrate  the  inutility  of  the  theoiy 
of  the  wedge  than  thiit,  in  this  theoiy, 
the  power  IS  supposed  to  be  a  pressure 
exerted  on  the  back  of  the  wedge,  which 
is  supposed  to  be  capable  of  balancing 
the  effect  of  the  resistance  in  producing 
the  recoil  of  the  wedge.  In  all  cases, 
where  the  wedge  is  practically  used,  the 
friction  of  its  faces  with  the  resisting 
■ubstance,  is  sufficient  to  nrevent  the  re- 
coil ;  so  that,  strictly  speuing,  no  force 
whatever  is  necessary  to  sustain  the 
machine  in  equihbrium,  and  to  (aa\«  S^, 
ly  pcTDusuoii.    Hw  jUotion  tf  pr«ssiiR uiwmin»ati^\t),'vaiura»)^ 


u  fhe  slightest  percussion  ii  fur  mora 

effective. 

fhe  only  general  theoretical  principle 
respocting  the  Vfedge,  which  obtains 
alnnys  in  practice  is,  that  its  power  is 
increased  by  diminishing  the  angle. 

AU  cutting  instnunents,  as  knivet, 
■words,  hatchets,  chisels,  planes.  See. 
are  wedges.  In  these  cases,  the  harder, 
in  general,  the  substance  to  be  divided 
is,  the  greater  will  be  the  angle  of  the 
wed^.  Thus,  chisels  for  cutting  soft 
woods  are  sharper  tlian  those  used  for 
the  harder  species,  and  these,  again, 
are  sharper  than  chisels  used  for  cutting 
metals. 

In  the  preceding  observations  on  the 
wedge,  we  have  not  attempted  to  explun 
its  theory,  conceiving,  that  a  theory, 
which  is  (itterly  inappheable  in  practice, 
'a  betta-  omitted  in  the  "  Library  of 
Useful  Knowledge." 


By  tiiis  pnfoest  the  bodf  ia  finmd  ttp 
the  inclined  plane,  which  is  wrvp^ 
upon  the  cylinder,  and  the  power  bcnf 


supposed  to  be  applied  at  the  dreuo- 
ference  of  the  screw  acta  parallel  to  the    ' 
base  of  the  plane. 

In  this  case,  the  proportion  of  the 

power  to  the  wei^t  is  that  of  the  hdght 

of  the  plane  to  its  base  (93).    But  in 

one  revolution  of  the  xcrew,  the  body, 

„  1  ■       r        .    which  is  placed  between  the  threads,  is 

<^'L1".V„'I^"  ^"'?1"'1.1° -S^f}    moved    up    an  inclined  plane.  wh(»e 


Chapter  XI. — On  theScroD— Hunter'* 
Screw — Perpetual  Screw — Micro- 
meter  Screw. 


mechanical  power    ana  is   appJieo  w    height  is  tKe  interval  betw'een  two  con- 
;  butismostgenerally    ti^uous  threads,  and  whose  base  i.  tte 


circumference  of  the  si 


applied  to 
various  purposes;  but  is  most  genera" 
used  in  cases  where  an  intense  pressu 

is  to  be  exerted.  Tliis  machine  is  a  f^y^^^.^  ,^^t  the  power  is  to  the  we%ht 
mwhfic-ation  of  llieinclmed  plane  l*t  „^  ^sislance  as  the  interval  betwSn 
anindmedplaneOg-.8U.)beplacedwith  tj,g  threads  is  to  the  ciicumfterence  of 
the  cylinder  on  which  the  thread  b 


Fig.  80. 


"Hie  enei^  of  the  power  on  the  Mm 
is  transmitted  by  means  of  a  concave 
cylindrical  screw,  on  the  inner  soiftce  of 
which  a  spiral  channel  it  cut,  cone- 
sponding  exactly  to  the  thnkd  raised 
upon  the  cylinder,  so  thatby  turning  the 
its  altitude  Tl  C  parallel  to  the  axis  of  a  one  within  the  other  the  convex  acrew 
cylinder,  and  placing  llie  altitude  B  C  willpassthroughtheconcaveacrew.and 
on  the  side  of  the  cylinder,  let  tlie  plane,  will  advance  every  revolution  throi^  a 
supposed  flexible,  be  rolled  round  it.  space  equal  to  the  distance  between  two 
The  length  A  B  of  the  plane  will  trace  contiguous  threads. 
upon  the  cylinder  a  spiral  thread,  which  A  section  of  the  convex  and  concave 
is  cajled  the  thread  of  the  screw,  screw,  by  a  plane  throu{^  the  axis,  is 

A  perspective  view  offhis  machine  ia  represented  in  jfg-.  aa,  JftheeoiMMve 
given  in yr^.  SI.  If  any  body  be  placed  screw  be  fixed,  so  as  to  be  inoapaUe 
between  two  threads,  and  the  screw  be  either  of  revolving  or  moving  in  the  di- 
tumed  once  round,  the  body  io  placed  rection  of  its  lei^th,  it  is  evident  that 
not  being  permitted  to  turn  with  it,  it  the  convex  screw  wUl  gradually  p«»e- 
is  plain  that  this  body  wiB  be  moved  trate  it,  advancing  throueh  die  spaee 
from  its  first  position  to  a  similar  place  between  two  contiguous  uireada  evo; 
on  (he  thread  next  above  that  on  which  revolution.  If,  on  the  other  hand,  thi 
itwasfirstplaced.  In  fact,  it  willt)e  ele-  convex  screw  be  incapable  of  moring 
vated  through  an  hei^t  equal  to  the  dif-  in  the  direction  of  ita  length,  it  will,  bf 
tMnce  belweea  two  contiguous  threadc.   iti  raWor]  natim,  fime  tba  oonan* 


mw  in  flW'  dbcefaon  of  ite  lengOi,    tjon  of  the  screw,  at  right  aiatha  to  ita 
UwouRh  ft  tpace  equj  to  the  mterrtl    length.     By  the  principles  estabUshed 

t^ . . g  threads,  eveiy    in  Chw).  111..  we  have 

P  X  R  =  a:  X  r. 

or  P  :  I  :  ;  r  :  R. 
But  the  radii  of  circles  are  as  their  cir- 
cumferencea.  Let  C  be  the  cireumfe- 
rence  described  by  the  power,  and  whose 
radius  is  R,  and  c  the  circumference  of 
the  screw,  whose  radius  is 


:  R  : 
Hence,  we  have 


c  :  G 


where  D  signifies  the  distance  between 
the  threads.    Hence,  we  have 
«xc=  WxD.-.Px  C  =  WxD 

or  P  :  W  : :  D  :  C. 
That  is,  "  the  power,  nrnltiplied  hy  the 
drcumference  which  it  describes,  is 
Tie  convex  screw  is  generally  called  ^^'^  *"  ****  weight  or  resistance,  mul- 
Ihe  terew,  a.nd  the  concave  screw  b  de-  ^^^^  "y  ^^  <Jistance  between  two  con- 
oominated  the  nul.  tiguous  threads ;"  or,  "  The  power  is 

(100.)  We  have  here  considered  the  '"  **  weight,  as  the  distance  between 
powertobesppliedatthecircumfer«nce  *""  contiguous  threads  is  to  thecir- 
ofthescrew;  and  if  we  considerthe  screw  cumfn^nce  described  by  the  power." 
as  a  siniple  machine,  we  must  suppose  "  frequently  happens,  that  the  lever 
it  thus  applied.  But.  in  practice,  the  °y  "'"<=''  ^^  P""*''  ^ic's  '»  attached  to 
•crew  never  is  used  as  a  simple  ma-  ™  ""'•  ""■*  ^«  ^'^^'^  is  capable  only 
chine,  and  the  power  is  always  applied  "'  '  longitudinal  motion.  Thus,  in  the 
to  a  lever  at  the  head  of  the  screw,  in  P"»'  represented  m/ig.  84,  the  board 
the  same  manner  as  it  is  applied  in  the 
wheel  and  axle,  and  as  represented  in 
/!g.  83.  In  this  case  the  machine  is 
reaDy  complex,  beinp  composed  of  a 
lever  and  a  screw.  The  proportion  of 
the  power  to  the  waght  is  easily  inves- 
tigated.   Let  P  be  th'e  power,  and  let  x 


bt  the  effect  of  this  power  at  the  rir- 

cumli9«nce  of  the  screw.    I^t  R  bethe 

arm  of  the  lever  by  which  the  power    C,  moveable  between  the  side*  o?  ^![* 

aels,  anlletrbethe/Kliusortbesee-    fruie,Uurged\}j\W«et«ii<^'&,<ix%v- 
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ble  of  moving  direetfy  inmards  or 
downwards,  but  not  of  revolving.  The 
nut  F  is  worked  by  the  lever  D  E. 
Every  complete  revolution  of  the  nut 
urges  the  screw  upward,  through  a 
space  equal  to  the  distance  between 
two  contiguous  threads. 

Tlie  proportion  of  the  weight  to  the 
power,  or  the  mechanical  efficax^  of  the 
screw,  depends  on  the  proportion  of 
the  circumference  describwl  by  the 
power,  to  the  distance  between  two  con- 
tiguous threads.  Hence,  it  is  evident 
that  the  efficacy  of  the  screw  may  be 
increased,  either  by  increasing  the 
length  of  the  lever  by  which  the  power 
acts,  or  by  diminishing  the  distance  be- 
tween the  threads.  To  both  of  these 
there  are,  however,  practical  limits,  si- 
milar to  those  mentioned  in  the  case  of 
the  wheel  and  axle  (58.) 

If  the  leverage  of  the  power  be  venr 
much  increased,  the  power  will  work 
through  an  inconveniently  great  space, 
and  the  machine  will  become  unwieldy. 
If,  on  the  otlier  hand,  the  thread  of  the 
screw  be  made  very  small  and  fine,  it 
will  be  torn  ofiP  by  a  great  resistance  in 
passing  tlirough  the  nut. 

These  inconveniences  have  been  ob- 
viated by  a  contrivance  of  Mr.  Hunter, 
the  Surgeon,  which,  while  it  preserves 
all  the  requisite  strength  and  compact- 
ness in  thi;  machine,  pves  it  an  almost 
unlimited  degree  of  mechanical  efficacy. 

A  perspective  drawing  of  this  con- 
trivance IS  given  in  fig.  85 :  £  E  is  a 

Fig,  85. 


strong  frame  in  which  a  board  D  mover, 

so    that  when  it  is  forced  towards  the 

bottom,  it  will  exert  a  pressure  on  any 

substance  placed  between  it    and  the 


bottom.  To  this  moireabte  board  B  If 
attached  a  cylinder  B,  on  which  the 
thread  of  a  screw  is  raised.  C  is  a  fixed 
nut  through  which  a  screw  A  playt. 
Tlie  screw  A  is  a  hollow  cylinder,  the 
interior  of  which  is  a  nut  adapted  to  re- 
ceive the  screw  B.  When  the  screw 
A  is  turned  once  round,  it  advances 
through  the  nut  C,  through  a  space 
equal  to  the  distance  between  two  con- 
tiguous threads  ;  so  that,  if  the  screw  B 
were  not  supposed  to  act,  the  board  D 
would  advance  towards  the  bottom, 
through  a  distance  equal  to  the  distance 
between  the  threads  of  the  screw  A.  But 
while  the  screw  A  advances  through  the 
nut  C  by  its  revolution,  the  very  same 
cause  makes  the  screw  B  move  towaids 
C  through  a  space  equal  to  the  distance 
between  two  contiguous  threads  of  B ; 
or,  by  turning  A,  the  nut  contained  in 
the  inner  concave  surface  of  A  is  turned 
upon  the  screw  B.  Now,  if  the  threads 
of  the  two  screws  A  and  B  were  per- 
fectly equal,  the  eifect  of  ihese  two 
motions  would  be,  that  the  board  D 
would  retain  its  position,  inasmuch  as 
the  eflTect  of  one  screw,  in  movii^  it 
doumwareU,  would  be  exactly  equal  to 
the  eifect  of  the  other  screw  in  moving 
it  unwarcb. 

But  if  we  suppose  the  interval  be- 
tween the  threads  of  the  screw  B  to  he 
somewhat  less  tlian  the  interval  between 
the  threads  of  the  screw  A,  the  effect 
will  be  different.  In  this  case,  one  re- 
volution will  move  the  screw  A  dbtmt- 
fcards,  through  a  space  equal  to  the 
interval  between  its  threads,  while  the 
screw  B  will  be  moved  within  the  screw 
A  and  upwards,  through  a  space  eoual 
to  the  interval  between  its  threads.  The 
combined  effect  will  be,  that  the  screw 
B,  and  the  board  C  to  which  it  is 
attached,  will  be  moved  downwards 
through  a  space  equal  to  the  difference 
of  the  distances  between  the  threads  of 
the  two  screws. 

Thus,  if  the  screw  A  have  twenty 
threads  in  an  inch,  and  the  screw  a 
have  twenty-one ;  in  one  revolution,  A 
is  moved  dov^-nwards  through  the  twen- 
tieUi  of  an  inch.  Suppose  that  the  nut 
A  did  not,  in  this  motion,  turn  on.  B 
it  is  plain,  then,  that  B  and  the  board  C 
would  be  moved  down  through  the 
^th  of  an  inch.  Suppose,  then,  tliat 
Uic  screw  B  was  tiuned  round  onoe 
\vithin  the  nut  A,  the  screw  B  and  the 
board  C  would  be  raised  through  the 
/ith  of  an  inch.  Its  position  would 
u\en  V)%  b^o^  \\b  cnV^^  ^^tioa  by  tin 


■■  ot  Afii  of  ui  inch  above  ^th  of 
h ;  tnat  is,  by  ^^gth  of  ui  inch, 
render  the  explanation  clearer,  we 
lere  supposed  things  to  happen  in 


w  A  doimnards,  draws  the  screw 
'Srds ;  but  the  tool  effect  is  the 
13  if  these  two  motions  took  place 
cession. 

1  plain,  therefore,  that  the  eftect  of 
achine  is  the  same  as  that  of  a  si|n- 
ren  in  which  the  distance  between 
ireads  is  equal  to  the  difference 

distances  between  the  threads  ot 
D  screws  A  and  B;  and,  therefore, 
le  ratio  of  the  power  to  the  weight 
difference  between  the  distances  of 
ire^s  of  the  two  screws  to  the 
liierence  described  by  the  power. 

mechanical  efficacy  is,  therefore, 
sed  by  diminishing  the  difference 

distance  between  the  threads  of 
ivws.  If  the  circumference  de- 
i  by  the  power  be  20  inches,  and 
:r«w  have  twen^  threads  to  an 


inch,   and  the  other  twenty^one,  the 

Swer  will  be  to  the  vro^t  «s  the  dif- 
«nce  between  ^  and  ^,  or  ,ii  to  2ff, 
or  as  I  to  8400.  If,  however,  one  surew 
have  30  threads  and  the  other  31  toao 
inch,  then  the  power  is  to  the  weif^t  *■ 
the  difference  between  A  and  ^i,  or  ||« 
to  20,  or  as  1  to  18600. 

The  thnadi  of  each  screw  may  be 
constructed  of  any  sae  and  strength 
which  may  be  required,  and  yet  so  very 
nearlr  fM^ual,  that  any  degree  of  power 
may  Se  imparted  to  the  machine.  Thus, 
by  the  preceding  inveatigation,  it  ap- 
pears that  two  screws,  constructed  with 
30  and  31  threads  in  a  foot,  are  equiva- 
lent to  a  single  screw  with  930  threada 
in  a  foot 

(101.)  The  thread  of  the  screw,  in- 
stead of  urging  forward  the  nut,  some- 
times  is  made  to  act  upon  the  teeth  of 
a  wheel,  as  in  fig,  116.  In  this  case  it 
is  called  a  perpetual  terao.  The  ma- 
chine  in  this  figure  is  complex,  being 
composed  of  the  screw  and  the  axle  in 
the  wheel     The  relation  between  the 


r,  ud  the  weight  ii  easily  investi-  r  the  radif  ■  of  the  ixle,  and  W  Ow 

.    Let  P  be  Uie  power,  and  let  x  weight  or  resistance ;  and  let  C  be  the 

effect  on  the  wheel  GE.    Let  R  circumference  described  by  the  power, 

e  radius  of  the  wheel,  D  the  dis-  By  what  we  have  eitablished  respecting 

betfteen  the  threads  of  the  icrewi  ttie  screw 
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P  X  C  ==  «  X  D  any  g:iven  diyision  to  a  point  which  ii 

and  by  the  properties  of  the  wheel  and  plac^  somewhere  between  two  divi- 

axle  established  in  (5U),  sions,  it  is  easy  to  conclude  that  the 

X  X  R  =  \y  X  r  distance  sought  is  greater  than  a  certain 

Multiplying  these  equalities,  we  have  number  of  divisions,   and    less    than 

PxCxa:xR  =  a?xDxWxr  a  number  greater  than  that  by  one. 

Omitting  the  common  multiplier  x,  we  But  how  much  greater  than  the  one  or 

have  less  than  the  other,  the  mere  gradua- 

PxCxR  =  WxDxr  tion  of  the  instrument  does  not  indicate. 

or  P   :  W  : :  D  X  r  :  C  x  R  ;  Now,  suppose  that  a  micrometer  screw 

that  IS,  "  the  power  is  to  the  weight  as  is  placed  on  the  instrument,  its  lengtii 

the  distance  between  the  threads  multi-  being  parallel  to  the  graduated  iaiee, 

plied  bv  the  radius  of  the  axle  to  the  and  that  the  point  of  the  screw,  or  m- 

circumference  described  bv  the  power,  ther,  a  wire  which  is  moved  by  the 

multiplied  by  the  radius  of  the  wneel/*  point  of  the  screw,  is  brou^t  exactly 

The  condition  of  e()uilibrium  of  this  opposite  to  one  of  those  divisions  be- 

machine  has  been  nustaken  by  some  tween  which  the  point,  whose  exact  po- 

writers,  and  the  error  seems  to  have  sition  is  to  be  determined,  lies.    If  the 

crept   from    one  treatise  to    another,  screw  be  turned  until  the  wire  is  moved 

Instead  of  the  circumference  described  by  its  point  from  coincidence  with  the 

by  the  power,  the  radius  is  used  which  adjacent  division  till  it  coincides  with 

^ves  the  machine  only  about  a  sixth  of  the  point,  the  number  of  turns  of  the 

its  true  efficacy.  screw,  and  parts  of  a  turn,  will  indicate 

(102.)  The  very  slow  motion  which  exactly  the  distance  of  the  point  finom 

may  be  imparted  to  a  screw  by  a  very  the  adjacent  division, 
considerable  motion  in  the  power,  ren-        We  may  give  an  example  of  the  ap- 

ders  it  an  instrument  peculiarly  well  plication  of  the  screw  to  this  purpose 

adapted  to  the  measurement  of  very  m  the  steel-yard  (44).      If  the  loop 

minute  spaces.    The  manner  of  apply-  which  bears  the  sliding  weight  P  carries 

ing  it  to  this  purpose  is  easily  explaineid.  inserted  in  it  a  micrometer  screw,  the 

Suppose  that  a  screw  is  cut  so  as  to  point  of  which   is  adjusted  so  as  to 

have  fifty  threads  in  an  inch,  and  that  mark  the  place  on  the  graduated  arm 

round  its  head  is  placed  a  graduated  6B,  at  which  the  weight  P  is  to  be 

circle,  on  which  an  index,  attached  to  considered  as  acting ;  and  suppose  the 

the  screw,  plays.    In  one  revolution  of  screw  is  such,  that  m  sixteen  turns  its 

the  screw  its  point,  or  anything  moved  point  would  move  over  one  division  of 

by  its  point,  is  moved  through  a  space  the  arm,  which  we  will  suppose  gradu- 

equal  to  the  fiftieth  part  of  an  inch,  ated  for  pounds,— let  us  suppose  that 

The  circjp  on  which  the  index  plays  when  the  weight  W  is  counterpoised, 

may  be  easily  divided  into  100  equal  the  point  of  the  screw  is  between  the 

;iarts,  and  it  follows  that  the  motion  of  tenth  and  eleventh  division  of  the  arm 

the  index  through  one  of  these  parts  (J  B.      It  is   evident,   then,    that  the 

conesponds  to  one-hundreth  part  of  a  weight  is  more  than  ten  pounds,  and 

complete  revolution :  since,  in  a  com-  less  than  eleven  pounds.    Let  the  screw 

plete    revolution,    the    screw    moves  be  turned  until  its  point  moves  from 

through  the  fiftieth  part  of  an  inch,  it  the  intermediate  position  to  the  tenth 

follows,  that  when  the  index  moves  over  division,  and  note  the  number  of  turns 

one  division   of  the  circle,  the  screw  — suppose  it  seven :  that  would  be  equi- 

moves  through  the  five-thousandth  part  valent  to  seven-sixteenths  of  a  divisum, 

of  an  inch.  or  seven-sixteenths  of  a  pound,  that  is, 

A  screw  constructed  for  this  purpose  seven  ounces.    The  weight  is,  therefore, 

is  called  a  micrometer  screw  :  it  is  used  ten  pounds  seven  ounces.    In  like  man 

with  great  effect  in  astronomical  instru-  ner,  if  there  had  been  but  5^  turns,  the 

ments,  where  very  minute  portions  of  weight  would  be  10  pounds  5i  ounces, 

degrees  or  divisions  on  graduated  in-  and  so  on. 

struments  are  to  l^e  ascertained.  The  Hunter's  screw  is  peculiarly  well 
limit  of  accuracy  of  any  divided  instru-  adapted  to  micrometncal  purposes,  be- 
ment  adapted  for  measuring  spaces  or  cause  it  gives  an  indefinitely  slow  mo- 
distances  IS  primarily  the  magnitude  of  tion,  without  requiring  a  very  exquisite- 
the  smallest  division  on  it.  If  it  be  re-  ly  fine  thread,  which  the  simple 
quired  to  determine  tlie  distance  from  would  require  in  this  case. 
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the  piston  Hill  have  acquired  a  conBi- 

Chapter  XlL-^Methods  of  regulating  ^d^tl^'i^' .^^Z  nl^r  u  nn^ 
Maehinery^Nature  of  a  Ffy^Wh^  15^'i?'!? "'♦i?'''  impelling  power  is  op- 
_^  «^  n/-  .^jAu^  fL^^^^-^Uf.    I>osed  by  the  column  of  water  which 


pow^  of  regulating  forc^tM  {he  oiston  has  to  raise     fPNEUMAxics 

£^^^^Z^^  "^  Prqpdr/,^*  qf  wheel,  and  when  the  p  Jon  has  reached 
we  governor.  ^^  summit  of  the  stroke,  all  its  former 
(103.)  In  applying  force  to  impel  ma-  acceleration  is  destroyed,  and  the 
chinery,  for  the  purposes  of  manufac-  same  hobbling,  irregular  motion  is  cou- 
ture, the  mere  transmission  of  the  ef-  tinued.  If  a  fly-wheel  be  attached  to 
feet  of  the  power  to  the  working  point  such  a  machine,  almost  all  this  irre- 
is  not  the  only  end  to  be  attained.  It  eularity  will  be  removed.  When  the 
is  most  frequentlv  necessary  that  the  heavy  mass  of  the  fly-wheel  has  been 
aetioa  of  the  working  point  should  be  put  m  rapid  motion  by  the  impelling 
steady  and  uniform,  and  not  subject  to  power,  it  vdll  produce  two  very  obvious 
irre^ar  or  desultory  changes,  occa-  eflbcts :  by  virtue  of  its  inertia,  it  will 
•iomng  JoHs  in  the  machinery,  and  oppose  a  considerable  resistance  to  any 
audden  inequalities  in  the  work.  The  sudden  acceleration,  and  also  to  any 
want  of  uniformity,  in  the  performance  sudden  retiuxiation  of  its  motion ;  that 
of  a  machine,  may  arise  from  either  of  is,  it  has  a  disposition  to  continue  Ihe 
three  causes.  Ptrsty  a  want  of  uni-  motion  which  has  been  imparted  to  it, 
llnrmity  in  the  action  of  the  power,  or  and  to  resist  the  reception  of  more. 
^9t  mover,  which  impels  the  machine.  By  this,  on  the  ascent  of  the  piston,  the 
Thus,  for  instance,  in  the  single-acting  weight  of  the  column  of  water  is  dragged 
steam-engine,  where  the  eliuiic  force  up,  not  alone  by  the  energy  of  the  pnme 
of  steam  acts  upon  the  piston  during  mover  as  before,  but  by  the  moving 
its  descent,  but  whidi  action  is  sus-  force  which  has  been  imparted  to  the 
pended  during  the  ascent  Secondly,  fly-wheel,  and  which  that  wheel  endea- 
a  want  of  umfonnity  in  the  resistance,  vours  to  keep.  On  the  other  hand, 
or  load  upon  the  machine ;  and,  thirdly,  when  the  piston  descends  unloaded,  the 
because  the  machine,  in  the  diflerent  action  of  the  prime  mover  upon  it, 
positions  which  its  parts  assume  during  which  before  caused  its  sudden  and 
the  motion,  transmits  the  impelling  rapid  acceleration,  is  now  intercepted 
power  to  the  woridng  point  with  great^  by  the  fly-wheel,  which,  by  its  great 
or  less  effect  inertia,  refuses  to  receive  that  rapid 
One  of  the  most  simple  and  effectual  degree  of  acceleration  which  had  been 
methods  of  equalizing  these  irregula-  before  produced, 
nties,  is  by  the  use  of  a  fly-whssl.  The  power  of  a  fly-wheel  to  resist 
A  FLY-WHEEL  is  a  heavy  (hsc,  or  hoop  acceleration  is  proportional  to  the 
balanced  on  its  axis,  and  so  connected  square  of  its  diameter,  and,  therefore, 
with  the  machinery,  as  to  turn  rapidly  by  sufficiently  increasing  its  size  and 
round  with  it,  and  so  as  to  receive  its  weight,  we  may  be  enabled  to  equalize 
motion  from  the  impelling  power.  Let  the  most  desultory  and  irregular  me- 
ns suppose  a  case  in  which  the  impel-  tions  in  the  machinery. 
lin^  power  is  perfectly  uniform,  but  the  In  the  example  which  we  have  just 
resistance  or  load  is  irregular  and  inter-  ^ven,  there  was  a  variable  resistance 
mitting.  Thus,  suppose  an  overshot  opposed  by  an  uniform  power.  The 
water-wheel,  CIVeatise  I.  Chap.V.)  urged  reverse  of  this  often  happens,  and  a  va- 
by  a  regular  and  uniform  fall  of  water,  riable  power  is  opposed  to  a  constant 
applied  to  work  a  common  suction-  resistance.  Thus,  in  the  single-acting 
pump.  (PKrEUMATics,40.)  Here  the  im-  steam-engine  ahready  alluded  to,  when 
pelling  power  is  constant  and  uniform,  the  piston  has  been  forced  down  by  the 
but  the  resistance  only  acts  during  the  pressure  of  steam,  it  is  usually  drawn 
ascent  of  the  piston,  and  the  ihachine  up  again  by  a  weight  suspended  from 
is  unloaded  during  its  descent.  As  the  the  opposite  end  of  the  beam.  In  this 
impelling  power  during  the  descent  of  case  the  mover  is  very  unequal  and  de- 
thc  piston  has  nothing  to  overcome  ex-  sultory,  and  would  never  serve  any 
€q;yt  the  inertia  of  the  machine,  and  the  purpose  in  which  uniformity  of  action 
friction  of  the  parts,  it  will  urge  the  is  necessary.  But,  if  a  fly-wheel  ba 
piston  down  wiUi  a  rapidly  accderated  attached  to  tbft  m^Yvixv^,  \tv<^  Ttv^xck^xw- 
force,  80  thftt  at  the  end  of  the  stroke  txmi  which  \l  afic^xio^^  <ii>mcv^  ^^  ^ 
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■cent  of  the  |Hiton,  it  will  retun,  by  and  the  reiutuice  are  molbni.  Oa  tm 

virtue  of  its  inertia,  during  the  nupen-  may  not  be  uniformly  truumitted  to  Sk 

sion  of  the  DOwer  in  the  ascent )  and  other.    Suppose  that  [Mtoii  P,  wotk- 

this  force  will  drive  the  machineiy,  or  ing  in  a  trrlinder  C,  is  eonnacted  with 

act  against  the  re^tance,  whatever  it  the  end  B  of  a  beam,  vhiefa  woika  on 

be,  in  the  intervals  of  the  intomissioii  the  cottre  A.    The  other  end,  B*,  of  the 

of  the  power.  beam,  u  cumeoted  In  a  rod,  B*!),  with 

Even  where  both  the  impelliiig  powtr  a  craiik  F  Q  H  I  K,  irinch  ia  tuned 


KHind  flw  axis  E  P  I  K. 


wards  and  downwards  by  steam,  sup- 
pose it  at  the  top  of  the  cylinder,  as  m 
^g.  8?.  The  end  B  of  ttie  beam  will 
then  be  in  the  highest  position,  nnd 
the  end  B'  in  the  lowest,  and  thtfe- 
fore,  the  crank  G  H  in  the  lowest  posi- 
tion. In  this  position,  let  us  suprpose 
the  pressure  of  steam  to  urge  the  piston 
P  downwards.  It  is  evident,  that  the 
piston  and  beam  have  no  power  what- 
ever in  turning  the  crank.  TTie  piston 
being  pressed  downwards,  draws  the 
connecting  rod,  BT),  directly  upwards. 
But  since,  in  the  present  position,  the 
rods  B'D,  E  F,  F  G,  G  H,1I  I,  and  I 
K,  are  all  in  the  same  vertical  plane, 
the  upward  force  of  B  D  is  resisted  by 
thepivotsEK,  oftheaxisof  the  crank, 
and  there  is  no  levera^  to  enable  the 
force  of  B'D  to  turn  the  crank.  The 
machine  is,  therefore,  placed  in  that 
mechanical  dilemma  in  which  the  im- 
pelling power  loses  all  infloence  in 
moving  it.  Butif  we  suppose  the  crank 
moved  a  little  out  of  this  position,  the 
rod  B'D  and  crank  cease  to  be  in  the 
same  vertical  plane,  and  the  rod  ac- 
quires a  small  levert^e  on  the  crank, 
by  which  it  turns  it.  This  leverage  con- 
tinues to  inereax  until  the  plane  of  the 


erank  F  G  H  I  becomes  f 
to  the  connecting  rod,  aj.  .  _^. . 
Jig.  es.  In  this  case,  tibe  power  of  flM 
oomieeting  rod  over  the  onuik  is  at  it< 
maximum,  acd  when  the  cnnk  is  ftv- 
ths  nused,  the  lennge  caiutKB% 
Pig.  99. 
Fig.  8S. 


i#te 


diimnishes,  unt3  the  {niton 

bottom  of  the  cylinder,  and  the  smix 
aliens  its  l^est  position,  u  iajig. 
69.  Here,  again,  the  impdlin;  power 
loses  all  influence  on  the  enmk.  Snt- 
pose  the  pressure  (rf  steam  to  mge  at 
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piftoo  wp»9ardi;  the  aoHiieetiiiff  rod  tfaeafltioBofmachiiMryyitis  employed 

B'B  woiud  thereby  be  preised  down-  for  the  purpose  of  accumulating  or  col- 

uraids ;  but  smee  tne  crank  and  rod  are  leeting  together  successive  exolipns  of 

now  in  the  same  yertical  plane,  the  a  power,  so  as  to  produce  a  much  more 

pressure  of  the  rod  will  be  entirely  spent  forcible  effect  by  tneir  aggrc^tion  than 

on  the  pivots,  and,  having  no  leverage,  could  possibly  be  done  uy  the  s^arate 

cannot  turn  the  crank.    Thu^  it  ap-  and  successive  actions.    In  this  respect 

pears  that  when  a  machine    is  con-  a  fly-wheel  serves  the  same  purpose  as 

structed  in  this  way,  an  uniform  action  condensed  air  (Treatise  I.  56).    If  a 

of  the  first  mover  will  be  modified,  and  small  force  be  repeatedly  applied  in 

rendered  desultory  and  variable,  and  at  giving  rotation  to  a  fly-wheel,  and^  be 

certain  moments  totally  destroyed  l^  continued  until  the  wheel  has  acquired 

the  natiu«  of  the  machinery  by  which  it  a  very  considerable  velocity,  such  a 

is   transmitted  to  the  workmg  point  quantity  of  force  will  be  at  length  ac- 

If,  however,  on  the  axis  of  the  crank  cumulated  in  its  circumference  as  to 

a  FLY- WHEEL  (L  M,  Jig,  87)  be  flxed  overcome  resistance  and  produce  ef- 

so  as  to  turn  with  the  crank,  this  incon-  fects  utterly  disproportionate  to  the  im- 

venience  wUl  be  completely  removed,  mediate  action  of  the  original  force. 

The  moving  force  of  the  fly-wheel  will  Thus  it  would  be  very  easy  in  a  few 

extricate  the  machine  from  the  dilem-  seconds,  by  the  mere  action  of  a  man's 

mas  in  which  it  is  involved  at  those  arm,  to  give  to  the  circumference  of  a 

moments  at  which  the  impelling  force  fly-wheel  a  force  which  would  give  an 

loses  its  power  over  the  crank,  and  it  impulse  to  a  musket  ball  equal  to  that 

will  equalize  the  effects  of  the  varying  which  it  receives  from  a  full  charge  of 

leverage  by  which  the  first  mover  acta  powder, 
on  the  crank.  The  same  principle  explains  the  force 

A  very  remarkable  instance  of  the  wiUi  which  a  stone  may  be  projected 

use  of  a  fiy  occurs  in  the  eng^e  con-  from  a  sling.     The  thong  is  swung 

structed  by  Mr.Vauloue,  for  dnving  the*  several  times  round  by  the  force  of  the 

piles  of  Westminster  bridge.    In  this  arm,  until  a  considerable  portion  of 

machine,  a  heavy  mass  is  elevated  by  force  is  accumulated,  and  then  it  is 

horse-power  acting  upon  it  through  th«  projected  with  all  the  collected  force, 
intervention  of  a  rope  and  wheel-work.        If  a  heavv  leaden  ball  be  attached 

and  when  it  has  reached  a  considerable  to  the  end  of  a  strong  piece  of  cane  or 

height  it  is  disengaged,  and  permitted  whalebone,    it    may  easily  be  driven 

to  fall  upon  the  pile  which  is  to  be  tlirbugh  a  board :  oy  taking  the  end  of 

driven.    Now  the  moment  this  mass  the  rod  remote  from  the  oall  in  the 

is  disengaged,  the  machine  having  no  hand,  and  striking  the  board  a  smart 

resistance,  anil  the  horses  being  relieved  blow  with  the  end  bearing  the  ball,  such 

from  the  weight  they  before  encounter-  a  velocity  may  easily  m  given  to  the 

ed,  would    immediately  fall    forward,  ball  as  will  drive  it  through  the  board. 
This  is  prevented  by  connecting  the        Much  of  the  efficacy  of  a  fly  depends 

wheel-work  with  a  heavy  fly,  the  iner-  on  the  position  assigned  to  it  in  the 

tia  of  which  opposes  the  strength  of  the  machinery.    If  it  be  used  as  a  regulator 

animals  when  they  are  suddenly  relieved  of  force,  it  should  be  placed  near  the 

from  the  weight  of  the  elevated  mass,  prime  mover;  but  if,  on  the  other  hand. 

The  advantages  of  a  fly-wheel  are  it  be  used  as  a  magazine  of  power,  it 
sensibly  perceptible  when  a  man  acts  should  be  nearer  to  the  working  point, 
upon  a  winch  {Jig,  34).  In  this  case  the  No  general  rules  can,  however,  be  given 
action  of  the  power  is  very  unequal :  its  for  its  exact  position, 
eifect  is  greatest  when  he  pulls  upwards  llie  accumulating  power  of  the  fiy 
from  the  neight  of  his  knee,  and  least  has  led  some  persons  into  the  error  of 
when,  the  handle  being  in  a  vertical  supponng  that  it  adds  force  to  the  ma- 
position,  he  thrusts  from  him  in  an  chme,  besides  what  is  received  from  the 
horizontal  direction.  The  force  is  in-  first  mover.  That  this  is  not  the  case  is 
creased  when,  pressing  the  handle  down-  very  plain,  from  considering  the  perfect 
wards,  he  is  assisted  by  his  own  weight,  inactivity  of  matter,  and  its  incapability 
If  a  fly  be  placed  upon  the  axis  of  the  of  possessing  any  force  that  it  has  not 
winch,  all  these  unequal  effects  run  into  received  from  some  effective  agent.  On 
one  anotlier,  and  the  force  becomes  imi-  the  contrary,  the  fiy  never  retains  all  the 
form.  force  communicated  \o  \\.  V^  ^^  ^^ 

Besidestheiueofafljvinjtigulating  mover,  for  tlhft mvalUno^ o\  V^va  vc^ 

11  *i 
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thteitete  of  IHetion  rob  it  of  a  certain 
ptrt  of  thif  force. 

A  fly-wfaed  is  not  the  only  regulator 
of  force,  and,  even  in  cases  where  it  is 
used,  we  are  sometimes  obliged  to  have 
recourse  also  to  other  contriyances.  In 
manufiustures  it  generally  happens  that 
there  is  one  obtain  and  aeterminate 
velocity  with  which  the  machinery 
should  be  moved,  and  winch,  if  in- 
creased or  diminished,  would  render  the 
machine  unfit  to  perform  the  work  it  is 
designed  to  execute.  The  application  of 
a  pmectly-uniform  ];>ower,  aided  by  a 
fly,  will  not  efFbct  this.  For  suppose, 
as  very  frequently  happens,  the  resist- 
ance is  changed  by  some  of  the  ma- 
chines, which  are  worked,  being  thrown 
out  of  gear  or  an  increased  number  put 
on,  the  movins;  power  having  the  re- 
sistance thus  duninished  or  increased, 
will  impart  a  greater  or  a  less  velocity 
to  the  machinery,  and  all  the  fly-wheel 
ean  do  in  this  case  is  to  maintain  the 
velocity  uniform  after  it  has  been  so  in- 
ereasea  or  diminished. 

To  maintain  an  uniform  velocity  with 
a  varying  resistance,  one  of  the  most 
beautiful  contrivances  ever  used  is  the 
governor^  an  instrument  used  in  mill- 
work,  but  tlie  application  of  which  is 
most  conspicuous  in  the  steam-engine, 
when  that  machine  is  applied  to  manu- 
facturing purposes.  Tne  principle  on 
which  uie  efficacy  of  this  instrument 
depends,  is  easily  explained. 


acted  on  by  the  other  paxta of  the  ma- 
chineiy,  and  so  that  it  ahrays  revolves 
with  a  velocity  proportional  to  that  ik 
the  fly-wheel.  Two  neavy  balls  C  C  are 
attacned  to  metal  rods,  whidi  work  on 
a  pivot  at  B,  so  that  th^  are  capable 
of  receding  fh>m  the  axis  A  B.  As 
they  recede  firom  the  axis,  the  joints 
D  W  recede  firom  one  another,  and  tiie 
joint  E  is  drawn  down.  This  joint  £  is 
connected  with  the  end  of  a  lever  or  a 
system  of  levers,  the  action  of  which 
we  shall  presently  explain. 

Now,  by  the  revolution  of  the  spindle 
or  axis  A  B,  the  balls  C  C'  acquire  an 
obvious  tendency  to  fly  off  from  the 
axis,  and  this  tendency  is  resisted  by 
their  weight,  so  that,  when  the  instru- 
ment is  revolving  with  a  certain  velo- 
city, the  balls  will  remain  suspended. 
Tlue  property,  fi^m  which  this  appa- 
ratus derives  its  whole  efficacy,  is,  that 
at  whatever  distance  or  in  whatever  po- 
sition the  balls  remain  suspended,  and 
neither  move  to  or  from,  tne  axis,  the 
spindle  A  B  must  be  revolving  with  the 
9ame  velocity,  A  greater  velocity  would 
cause  the  balls  to  fly  fiirther  off,  and  a 
lesser  velocity  would  cause  them  to  M 
towards  the  axis*. 

If  the  action  of  the  levers  with  which 
the  joint  £  is  connected,  be  directed 
upon  the  first  mover,  in  such  a  manner, 
that  its  energy  is  diminished  when  E  is 
depressed,  and  increased  when  £  is 
elevated,  it  is  plaui  that  the  uniformity 
of  velocity  wnich  is  sought  may  be 
obtained.  Let  us  suppose  that  the 
levers  on  which  E  works  communicate 
with  a  valve  which  admits  steam  to  the 
piston  of  a  steam-engine  to  which  this 
governor  is  appUed ;  and  suppose  that, 
when  £  is  raised,  and  the  balls  C  C 
rest  in  their  seats,  the  valve  is  fully 
open,  so  as  to  allow  the  steam  to  flow  in 
a  full  stream  to  the  piston ;  but  that 
according  as  £  is  depressed  the  levers 
gradually  close  the  valve,  so  as  to  admit 
me  steam  in  a  constantly  diminished 
quantity.  N  ow,  suppose  that  the  en^[ine 
has  been  working  twenty  printing- 
presses,  and  that  the  action  of  ten  of 
them  is  suddenly  suspended.  The 
engine  thus  loses  half  its  load,  and 
would,  if  the  same  power  of  steam  con- 
tinued to  be  admitted,  move  with  about 
twice  its  former  velocity.  But  the  mo 
ment  an  increased  velocify  is 


*  Thii  is  stricUjr  true  onlr  when  tlw  rmage  of  tkff 

Let  A  B  be  a  vertical  axis,  which  is    ^l;.VS!"  ^"P»r*  t^  *i?  }^f^  *^  *••  "^ 
^/^wc;7relythebevelledwheelA,    ^apxrcS.iTpiS.ti^lr''^''^^  ^^"•^^ 
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in  the  machine,'  the  balls  C  C'  recede    ferent  motions  which   the  impdling 
from  the  axis,  draw  down  the  joint  £,  power   may   have,    nor    the    vanoos 
partially  close  the  valve,  and  check  the    motions  wnich  these  may  be  required 
supply  of  steam  to  the  cylinder.    The  to  produce  at  the  working  point    Gene- 
impelling  power   is  thus  diminished;  rally  speaking,  however,  the  motions 
and  if  it  be  diminished  in  exactly  the  which  we  mebt  with  in  the  use  of  machi- 
■ame  degree  as  the  load,  the  machine  nerv  may  be  resolved  into  rectUinecar 
will  move  with  its  former  velocity ;  but  ana  circular,  that  is,  one  in  whidi  the 
if  it  should,  at  iirst,  be  more  diminished,  points  of  the  mDving  part  describe  pa- 
the  velocity  will  be  less  than  its  former  rallel  straight  lines,  or  one  in  which 
velocity,  and  the  balls  will  again  move  they  move  in  circles  round  a  common 
towards  the  axis  and  open  the  valve,  centre  or  axis.    These,  ae%un,  may  be 
and  will,  atlens:th,  settle  into  that  posi-  divided  into  continued  tLuS  altemaie,  or 
tion  in  which  the  steam  admitted  to  the  reciproccUing.    That  is,  the  point  which 
cylinder  is  exactly  proportioned  to  the  moves  in  a  straight  line  may  move  con- 
load  on  the  machine ;  and  the  proper  tinuallv  in  the  same  direction,  or  it  may 
velocity  will  thus  be  restored.  move  backwards  and  forwards,  or  up- 
By  this  exquisite  contrivance,  there-  wards  and  downwards,  its  range  being 
fore,    however  the  load  or  resistance  limited  by  two  points  on  the  straight 
may  from  time  to  time  be  varied,  the  line  in  which  it  moves.    Again,  if  tne 
velocity  will  be  constantly  the  same,  the  point  move  in  a  circle,  it  may  move 
impellmg  power  being  varied  in  exactly  constantly  round  the  centre  in  the  same 
the  same  proportion  as  the  resistance.  direction  with  a  continued  rotatory  mo- 
There  are  various  other  contrivances  tion ;  or,  on  the  other  hand,  it  may  only 
for  regulating  the  motion  of  machinery,  move  over  an  arc  of  the  circle  m  one 
amongst  which  the  pendulum  of  a  clock  direction,  and  then  return  through  that 
may  bs  mentioned.  Our  limits  preclude  arc  in  the  opposite  direction,  and  so  on 
us   from  prosecuting   this  intCTesting  alternately,  naving  a  vibrating  or  red- 
subject  further  in  this  place.    We  may  procating  motion  m  the  circular  arc. 
refer  the  reader  to  the  second  volume  of  The  motions  which  we  have  to  con- 
Dr.  Brewster's  edition  of  Ferguson's  sider  may  then  be  resolved  into  the  four 
Mechanics  for  some  valuable  informa-  following : — 
tion  on  this  subject ;  as  also  to  the  se-  1.  Continued  rectilinear  motion, 
cond  volume  of  Dr.  Gregory's  Media-  2.  Reciprbcating  rectilinear  motion* 
nics,  article  "  Scapembnts."  3.  Continued  circular  motion* 

4.  Reciprocating  circular  motion. 

rt              VTTT      r\^  %M  I.     '    1  ry  We  shall  devote  tne  present  chapter  to 

Chaptkr  XlU.--^OnMech^aa  Con-  ^    j^^  ^^me  of  the  contrivances  by 

tnvancesfor  Modifying  Motion.  ^jJicj^  ^^^  ^^  ^^^^  ^^^  ^  ^^^^ 

(104.)  We  have  frequently  stated,  that  or  converted  one  into  another, 

one  of  the  great  ends  to  \ye  attained  by  (105.)  To  convert  continued  rectilinear 

machinery  is  the  chan^,  or  modiUca-  motion  in  any  one  direction  into  con- 

tion  of  motion.    Our  impdling  power  iinued  rectilinear  motion  in  any  other 

may  be  rectilinear  when  a  drcmar  mo-  direction. 

tion  may  be  required  in  the  working  If  the  directions  of  the  two  motions 

point,  or  the  impellinj^  power  may  be  al-  be  in  the  same  plane,  this  may  evidently 

temate,  or  reciprocating,  when  the  force  be  effex^ted  by  a  fixed  pulley.    But  if 

required  at  the  working  point  is  continu-  the  directions  oe  in  different  planes,  two 

ous.    In  a  word,  the  motion  of  the  im-  fixed  pulleys  will  be  requisite,  one  being 

pelling  power  may  be  of  any  one  spedes,  in  the  plane  of  the  direction  of  one  mo- 

and  that  required  at  the  working  point  tion,  and  the  other  in  the  plane  of  the 

may  be  of  any  other  spedes.  It  is,  there-  direction  of  the  other  motion.  ^ 

fore,  a  very  important  problem  to  assign  In  Jig.  91,  a  contrivance  is  reprc- 

the   nature   of  the   machinery  which  sented,  by  which  a  rectilinear  motion  in 

should  be  interposed  between  a  given  one  direction  is  made  to  produce  a  rec- 

impelling  power  and  the  working  point,  tilinear  motion  in  a  direction  at  rig^t 

so  as  to  produce  at  that  point  the  eifect  angles  to  the  former.     The  inclined 

required.  plane  or  wedge  A  B,  is  moved  under 

This  problem,  in  its  most  general  C  D,  which  is  connected  by  ^ut^#  with 

form,  it  is  evidently  impossible  to  solve ;  the  pillars  of  the  frame.    It  is  evidenl^ 

nor  is  H  ea^  to  enumerate  all  the  dif*  that    as  A.'Q  «j3ch«d»m  ^"o^  t^Ni^ 
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wnA  B,  C  D  liiw  in  theTOlieal  dine-  with  a.  wheel  on  which  nmilur  teeOi  an 
niiBcd,  the  continued  rectilinear  motion 
of  the  rack  will  produce  continued  eir 
eular  motion  in  the  wheel,  uidneaKoraa. 
A  strap,  or  belt,  puiin^  round  » 
wheel,  and  turning  it  by  its  thction  with 
the  surface  or  groove  in  whidi  it  woriu, 
mil  attain  the  same  end  where  the  re- 
sistance b  not  ven  ^reat  An  endleis 
atnp  may  be  used,  m  which  case  two 
wheels  wiU  be  neeesMiy. 

But  in  cases  where  mudi  icsistance 

is  to  be  overcome,  the  friction  of  the 

strap  with  the  sur&ce  of  the  wheel  nould 

Ti,        _j   - -(■» .  ^^  t\^  ..;i.  «#  .    not  oe  sufficient  to  transmit  llw  force. 

Motton   into   reaproeating  reettimear    """t  ■=  "i"™"""™  •"/«■•  ■  ■—* 
•loAon.  yig.  83 

Let  A  B  be  a  chain  furnished  with 
wipen  m,  n,  0.  Let  B  be  a  frame 
loaded  with  wnghts  and  furnished  with 
a  wheel  C,  and  ut  the  frame  be  so  fixed 


that  it  b  irtbapabk  of  any  but  a  verti- 
cal motion.  As  the  chain  is  moved 
continually  in  the  direction  A  B,  the 
whoel  C  running  up  the  surfaces  of  the 
wipers  will  be  elevated,  and  vchen  it 
uat^cs  the  point  of  each  wiper  it  will 
ikll  into  the  space  between  that  and  the 
succeeding  one,  and  thus  the  frame  B 
will  acqiure  a  rectilinear  motion  up- 
wards and  downwards. 

(107,)  To  converl  a  etMtimted  reetUi- 
near  motion  into  a  continued  circular, 
or  vice  versi. 

There  are  various  methods  of  effect- 
in;;  this.  The  wheel  and  axle  is  an 
obvious  instance  where  the  continued 
rotation  of  the  power  produces  the  con- 
tinued rectilinear  ascent  of  the  weight, 


give  a  continued  rotation  to  the  wheel. 
This  may  also  be  effected  by  a  toothed 
wheel  working  in  a  rack.  A  rack  is  a 
sliwgfht  bar  on  which  teeth  are  raised. 
Ifmieli «  bar  be  placed  in  connozian 


Fig.  84 
pins  upon  it.  which 
enter     notches    in 
the     drcumference 
of  the  wheel,  as  in 

/ff.M. 

A  ccnunon  screw 

offers  an  instanoe 
of  the  conversion  o. 
continued  circular 
motion  into  conti- 
nued rectilinear. — 
The  power  applied  to  the  head  of  the 
screw  moves  with  continued  circular 
motion,  and  the  screw  itself  advances 
with  continued  rectilinear  motion. 

The  padiUe -wheels  of  a  steam-boat 
and  an  undershot  wnter-wheel  are  ex- 
amples of  a  continued  rectiUnear  motion 
produced  by  a  continued  circular,  and 
of  a  continued  circular  produced  by  a 
continued  rectilinear. 

An  overshot  or  breast-wheel  is  an 
instance  of  continued  rectilinear  motion 
producing  continued  circular ;  also  the 
wind,  acting  on  the  arms  of  a  windmill, 
is  annthi.'r  example  of  the  same  effect. 

The  screw  of  Archimedes  is  an  in- 
stance of  a  continued  circular  moliao 
producing  a  continued  recti' 
(See  Hv<ln>ulic«,  chiri.  ii.1 
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Barinr'smill  if  aranaricable  instaaoe 
of  a  continued  Tectilineur  motion  pro- 
ducing a  continued  circular  one. 

(108.)  To  eomoert  a  amimued  recti- 
linear moHon  into  a  redprocoHng  eir^ 
cuiar  motion,  or  vice  verid, 

f^^  95 ,  One  method  of  ef- 

fecting this  is  by  a 
rackMN,  C/?|?.  95.) 
in  the  teeth  of  which 
the  end  B  of  a  lever 
A  B  works.  As  the 
rack  M  N  descends, 
the  end  of  the  lever 
Mis  from  one  tooth 
to  another,  and  the  end  Amoves  al- 
tematefy  up  and  down  in  a  small  circu- 
lar are. 

A  method  of  producing  either  a  red  • 
procating  circular  motion  from  a  con* 
tinned  rectilinear  motion,  or  a  conti 
nued  rectilinear  from  a  reciprocating 
cnrcular  motion,  is  representcn  in  Jig. 
96.    ABCD  is  a  double  rack,  fdr- 

Fig.9 


flame  recmroctiiiig  ebnoolar  motion  con- 
tinues to  be  produced  in  the  wheel. 

The  motion  may  be  continu^  with- 
out limit  by  using  two  chains,  bearing 
teeth  at  intervals,  working  on  two  pair 
of  rag-wheels. 

The  lever  of  La  Garoueee  is  a  con- 
trivance by  which  a  reciprocating  cir- 
cular motion  produces  a  continued  rec- 
tilinear one.    M  N  {fig.  97.)  is  a  fixed 

Fig.  97. 


nished  vnth  teeth  at  mtervals,  the  parts 
of  A  B,  which  bear  teeth,  being  opposite 
to  those  parts  of  CD  which  are  free 
from  them;  ah  cd  is  awheel  bearing 
teeth,  corresponding  to  those  of  the 
rack.  Suppose  the  rack  in  its  highest 
positioDy  and  the  first  tooth  h  of  the 
wheel  engaged  with  the  lowest  tooth  on 
the  radE  CD.  As  the  rack  descends, 
the  teetti  6  a  are  successively  engaged 
with  lAie  corresponding  teeth  of  the 
rack,  and  the  whed  revolves  until  the 
last  tooth  a  is  passed  by  the  last  tooth 
of  the  first  set  on  the  rack  C  D.  At 
this  moment  the  lowest  tooth  d  on  the 
other  dde  of  the  wheel  Is  seized  by  the 
lowest  tooth  of  the  first  set  on  the  rack 
A  B ;  and  after  this,  the  teeth  de  are 
suocessirdT  engaged  by  those  of  the 
radc,  voA  the  vmed  is  turned  in  the  di- 
rection contrary  to  its  former  motion. 
As  tbe  radc  eontinnefl  to  deteend,  the 


shaft,  in  which  a  centre  is  placed  at  C, 
on  which  the  lever  A  B  works.  F  G  is 
a  rack,  which  is  capable  of  being  raised 
in  the  vertical  direction.  This  is  effected 
by  two  bars  D  E,  D'  E',  placed  on  ioints 
at  D,  D'.  When  the  extremity  A  de- 
scends, the  point  D'  rises,  and  the 
hook  E',  bdng  engaged  with  a  tooth  of 
the  rack,  draws  it  up.  The  hook  E  in 
this  process  falls  from  one  tooth  of  the 
rack  to  the  tooth  immediately  under  it. 
When  B  is  depressed,  and  D  rises,  the 
same  effects  take  place,  but  on  differ- 
ent sides  of  the  rack 

Thus,  the  reciprocating  circular  mo- 
tion of  the  lever  A  B  produces  a  conti- 
nued rectilinear  motion  in  the  rack  F  6. 
The  term  continued  rectilinear  motion 
here  means  rectilinear  motion  which  is 
always  in  the  same  direction;  for, 
strictiy  speaking,  the  motion  is  not  con- 
tinued, since  it  is  intermitting, 

(109.)  To  convert  reciprocating  rec- 
tilinear motion,  in  one  direction  and 
with  one  velocity,  into  reciprocating 
rectilinear  motion  in  another  direction 
cmd  unth  another  velocity. 

If  the  velocities  of  the  two  motions 
were  equal,  and  the  directions  in  the 
same  plane,  this  mi^t  be  effected  by  a 
strap  passing  over  a  wheel,  the  part  of 
the  strap  on  one  side  of  the  wheel  being 
in  one  of  the  ^ven  directions,  and  that 
on  the  other  side  m\hft  oiOxcc  ^^scl^- 
rection.    If  fnc^ionYieE^  Sxi%vS^i(^^^so^^^ 


ng-irhed  ind  duin  n^t  be  iwd,  md 

if  the  directions  be  in  diSsrent  plane* 
two  wheels  will  be  necessarf. 

If,  however,  the  velodtiei  be  differ- 
ent, other  means  must  be  resorted  to. 
If  the  two  directioDS  be  in  the  ume 
plane,  two  racks  may  be  worlced  by  the 
sectors  of  two  wheels  moving  on  the 
same  axle,  the  magnitudes  of  the  sector* 
being  proportional  to  the  two  velodtiea. 
Such  an  appiratus  is  represented  in 
yfg",  98.  If,  however,  the  two  i 
Fig.  9B. 


■ented  ft  donU*  nek, 
worked  by  &  whed  par- 
tially fumished  with 
teeth.  As  the  wheel  Pis 
turned  in  the  direction  of 
the  arrow,  iU  teeth,  be- 
ing pi  '    " 

D,will. 

in  those  of  A 


will 


evidently  press 
down.!    When 


the 


be  in  difierent  planes,  the  motion  must 
be  transmitted  from  the  one  rack  to  the 
other  by  the  aid  of  levelled  wheels. 

Rag-wheels  and  chains  may  evidently 
be  used  in  these  cases  for  racks. 

(110.)  To  cortvert  a  reciproaiting  rec- 
tilinear motion  into  a  amiinued  ct'rcu- 
lor  motion,  and  vice  ner*i. 

The  methods  of  producing  these  ef- 
fects are  very  numerous.  A  continuous 
rarcidar  motion  will  produce  a  recipro- 
catintf  rectilinear  one,  if  a  wheel  hav- 
ing wipers  on  its  drcumference  be 
placed  in  connection  with  a  vertical 
beam  or  stamper,  on  which  a  projecting 
shoulder  or  pin  is  raised,  by  which  the 
beam  is  lifted  by  each  wiper,  and  falls, 
when  disengagal  fh>m  it,  by  the  revo- 
lution of  the  mteel :  it  is  then  lifted  by 
the  next  wiper,  and  so  on. 

Also,  if  a  v^ical  beam  belenninated 
in  a  rack  which  is  connected  with  a 
wheel  which  has  teeth  only  on  apart  of 
its  circumference.  While  the  toothed 
part  of  the  wheel  is  engaged  with  the 
rack,  the  beam  will  be  raised,  and  the 
moment  the  last  tooth  of  the  wheel 
passes  the  rack,  it  will  &11.  It  will  be 
again  raised  when  the  teeth  engage 
the  rack,  and  so  motion  is  continued. 

In  tills  case,  the  motion  of  the  rack 
in  one  direction  is  produced  by  its 
weight,  or  that  of  the  beam,  or  stamper, 
with  which  it  is  connected.  It  is  easy 
to  make  the  wheel  itself  produce  botn 
motiansin  the  nek.    lafig.^'a  repre- 


rack  down.1    When   the 

last    tooth  of  the  wheel 

has  paued  the  rack  A  C, 

this  downward  motion  will 

cease,  and  the  teeth  will  IJ 

become  engaged  with  those  of  the  nek 

B  D,  and  the  rack  vrill  accon^gly  be 

raised ;  and  hy  continuing  the  rotation 

of  the  wheel  P  in  the  same  d^ecti<», 

the  rack  will  be  alternately  elevated  aid 

d^ressed. 

This  may  also  be  effected  by  «  n 
method,  represented  in  y^.  100,  « 
H  N  ie  a  beam  moving  in  guides  e 
and  e/:  a  A  is  a  bar  moving  on  jonti, 
or invots,  ataandfi,  andAisa wheel 
turned  by  a  winch  A  H,  or  othwwiib 
Fig.  101. 
Fig.  too. 


wlW 


As  the  wheel  revolve),  the  bar  «  &  it 
evidenUy  alternately  pressed  upward^ 
and  dravm  downwards,  and  by  this  tlw 
beam  M  N  is  moved  alternate^  mi* 
wanls   and   downwards  between  As 

In^.  101  is  represented  ftnwdiod 
similar  to  that  shown  in  ^,  B9,  bat 
each  rack  is  furnished  vntn  bat  om 
tooth.  In  this  case  the  pos  or  teeth  ef 
the  wheel  alternately  raise  and  <h|Miea 
the  rack,  in  the  same  maimer  u  mjk. 
S9. 

A  Tery  ingeaioui  aaiAmttot,  te 


mng  Ihe  miie  tt^A  is  npre- 
1  in  Jig.  ]  03.    When  the  pinion 
IV-  101. 


e 


1 


I  worlted  in  one  nde  of  the  raclc,  it 
ipon  the  teeth  in  the  lemi-drculu' 
by  which  it  rives  the  tack  a  slight 
i]  motion,  which  is  permitted  \iy 
nnts  a  b  and  c  d.  The  pinion  then 
^s  the  teeth  of  the  rack  on  the 
axj  side,  and  moves  it  in  the  oppo- 
irection,  and  so  the  process  is  con- 

a. 

Jig.  1 03  is  represented  a  contri- 


maebine  hubeen  m£edb]rJlf.  Zmnda 
for  pricking  holes  in  Wther,  (br  making 
cards,  and  has  ako  been  employed  in 
the  manufacture  of  fishing  nets. 

M.  Zurtda  has  also  contrived  a  very 
ingenious  piece  of  mechanism  for  con- 
verting a  continued  circular  into  a  reci- 
procatuig  rectilinear  motion.  Aqilinder 
rests  in  a  fixed  frame,  on  pivots,  and  is 
tnmed  by  »  winch,  or  otherwise,  round 
its  axis.  On  the  surface  of  this  cy- 
linder a  spiral  groove  iscut,  similar  to  the 
thread  of  a  screw.  This  spiral  groove, 
when  it  reaches  the  end  of  the  cylinder, 
meets  anoth»  similar  groove,  which 
traverses  the  cylinder  in  the  opposite 
direction,  and  which  runs  into  the  flrst- 
mentioned  groove  at  the  opposite  end  of 
the  cylinder.  Apin  is  passed  through  a 
groove,  cut  through  and  through  a 
straight  beam,  which  is  placed  over 
the  cylinder,  and  parallel  to  its  len^. 
The  end  of  this  pm  fells  into  the  spual 
groove  in  the  cylinder.  As  the  cyhnder 
IS  turned  round  its  axis,  the  pin  is 
moved  along  the  spiral  groove,  so  as  to 
be  urged  from  one  end  of  the  straight 
beam  to  the  other,  moving  in  the  groove 
cut  through  that  beam.  When  it  ax- 
riveiatthe  end  of  the  cylinder,  it  passes 
itoxa  the  spiral  groove,  in  which  it 
moved,  into  that  which  traverses   the 

Slinder  in  the  opposite  direction ;  and 
e  pin  is  thus  moved  hack  towards  the 
opponte  end  if  the  straight  beam,  and 
■o  the  process  is  continued. 
In/f.  104,  a  very  simple  cimtrivance 
Fig.  104. 


;  for  produung  an  aJtemate  rec- 
ar  motion,  by  a  continued  circular, 
is  a  wheel  taimed  b^  a  winch  or 
'Wise,  and  bearing,  in  the  manner 
crown-wheel,  teeth,  the  form  of 
.1  may  be  adapted  to  the  circum- 
«B  of  the  case.  A  rod,  a  b,  plays 
ides  m  n,  and  has  one  end  braring 
w  teeth  of  the  wheel,  while  the 
'  end  presses  against  a  spring  «. 
the  wheel  is  turned,  the  rod  is 
n  the  direction  a  6  Inr  the  teeth ; 
wlh. 
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ufmards  and  downwards,  ia  a  veiy  exact 
straight  line,  and.  any  force  Which  de- 
flects it  from  this  straight  line  will  iijure 
or  destroy  the  operation  of  the  macmne. 
The  end  of  the  beam,  on  the  other  hand, 
with  which  the  piston-rod  is  to  be  con- 
nected, moves  alternately  in  a  circular 
arc.  It  became  then  a  difficult  problem 
to  connect  these  in  such  a  manner  that 
a  perfectly  smooth  motion,  and  tree 
from  strain,  should  be  imparted  from 
tiie  one  to  the  other  In  tne  first  in- 
stance. Watt  placed  a  rack  on  the  end 
of  the  piston-rod,  which  worked  in  teeth 
raised  upon  the  circular  head  of  the 
beam.  It  was  found,  however,  that  this 
^ve  an  uneven  jolting  motion,  and  was 
liable  to  rapid  wear.  He  soon  substi- 
tuted for  it  his  parallel  motion. 

The  beam  turns  on  the  centre  C,  and 
its  end  B  moves  alternately  in  a  circu- 
lar arc,  of  which  C  is  the  centre ;  a  rod 
F£  nlays  on  fixed, centre  F,  and  the 
end  E  moves  in  a  circular  arc,  with  that 
point  F  as  centre.  The  end  £  of  the 
rod  F  £  is  connected  with  a  point  D  on 
the  arm  B  C  by  a  rod  which  moves  on 
joints  at  D  and  £.  In  this  arrange- 
ment it  will  be  observed,  that  the  points 


loitter  thin  Itp  mtlit  (nportkn  of  BC 
toDC. 

It  is  usual,  in  the  steun-epgme^  to 
attach  the  great  piston  of  the  eylindv 
to  the  point  A,  and  the  pitUm  of  thi 
air-pump  to  the  point  6. 

Tlie  most  common  proportioa  of  As 
seveial  rods  forming  the  paralld  motiflB 
is  as  follows:  D  is  at  the  noddle  Vfokat 
ofBC;  F£  is  equal  to  DC,  or  hdf  of 
B  C.  Great  latitude  is  allowed  in  tlif 
len^  of  D£.  There  are*  howetcr, 
various  proportions  which  may  be  ftnM 
to  these  rods,  and  for  which  we  nftr  to 
works  on  the  Steam-engine. 

Another  contrivanoe  for  tlus  pmoM 
is  represented  in  Jig,  110.  AB  is  i 
whed  capable  of  moving  round  an  an 
or  spindle,  and  also  cafmble  of  moviiY 

Fig,  110. 


Fig,  109. 


D  and  £  each  move  alternately  in  cir- 
cular arcs.  Now,  it  is  found  that  the 
middle  point  6  of  the  bar  D  £  moves 
alternately  upwards  and  d6wnwards  in 
a  straight  line,  and,  therefore,  a  piston 
rod  attached  to  the  point  6  will  be 
moved  upwards  and  downwards  in  a 
straight  line*. 

Jointed  at  £  is  another  rod,  A  £, 
equal  to  B  D,  and  another,  AB,  equal  to 
D  £,  jointed  at  A  and  B.  The  figure 
A  B  D  £  is  evidently  a  parallelogram, 
and  the  point  A  moves  in  a  line  similar 
and  parallel  to  that  described  ^  G,  but 


*  Strietljr  speaking,  the  pRth  of  rtie  point  G  U  not 
a  Ktraieht  line,  bat  is  a  curve  of  a  hifch  order.  That 
part  ctthe  carve,  however,  which  i«  lacladed  within 
the  ran^e  of  the  piston-rod  lies  at  eqnal  diitaacn  tm 
each  Hide  of  a  point  of  iofleclion.  The  radiu  ot 
earratare  ist  therefortf  infinite,  and  the  eVTf 
dUftn  impenepttblf  Aon  a  ttni^t  lint. 


longitudinally  on  it  A  rope  is  attached 
to  A,  and  passing  through  a  hok  attbt 
top,C,of  the  spincQe,  or  axiB,itis  fitftnaA 
at  B,  the  opposite  end  of  the  ^tmwm*m 
of  the  wheel  which  passes  throng  A. 
By  turning  the  wheelt  the  rope  if 
twisted  round  the  spindle,  and  the  whed 
drawn  up  towards  C;  ai^as  the  rope  if 
again  untwisted,  the  whed  <<^imwif  to 
its  former  position.  Or,  if  tiie  whsd 
be  incapable  of  a  longitudinal  motiQQ, 
but  the  spindle  CD  be  Tf^bk  of 
moving  longitudinally  throu§^  it»  a  si- 
milar effectwill  be  produced.  This  i^ 
paratus  may  be  used  for  drilliiy  or 
boring  .with  the  point  D. 


FigAll 
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Another  eontiiviuiee  for  the  Mine  which  it  is  recaved,  the  wheels  by 
purpose  is  exhibited  in /gr.  111.    A  Bis  which  it   is  transmitted,  whether  by 
a  lever  working  on  the  centre  C.    B  D  friction,  straps,  or  teeth,  are  to  be  of 
«s  jointed  at  B  to  the  extremity  of  this  equal  diameters ;  and  in  whatever  pro- 
lever,  and  at  D  to  a  beam  a  o,  which  portion  the  velocity  is  to  be  increased 
moves  in  guides  mn.    It  is  evident  that  or  diminished,  the  diameter  of  the  wheel 
a  reciprocating  circular  motion  at  A  will  must  be  diminished  or  increased  exactly 
nrodu<:e  a  reciprocating  rectilinear  mo-  in  the  same  proportion. 
non  in  the  hetSa  a  6,  and  vice  veriB.  We  have   here  supposed  that  the 
(112.)  To  convert  a  continued  circu^  shafts  through  which  the  rotation  is 
or  motion  into  another  continued  dr-  transmitted  are  parallel.    Suppose  they 
jidor  motion.  are  not  parallel,  but  their  directions  in- 
In  a  motion  of  continued  rotation,  two  tersect ;  the  rotation  may  then  be  trans- 
things  are  to  be  considered ;  tlie  axis  mitted  by  bevelled  wheels  placed  upon 
round  which  the  rotation  is  made,  and  the  shafts, as  represented  in/^.47  (70.) ; 
the  velocity,  or  the  number  of  revolu*  and  if  the  velocity  of  rotation  be  re- 
tions performed  in  a  given  time.  quired  to  be  changed,  the  cones,  from 
If,  Dy  a  rotation  round  one  axis,  it  be  which  the  bevelled  wheels  are  formed, 
required  to  produce  a  rotation  round  must  have  different  angles,  as  explained 
another  axis  parallel  to  it,  the  problem  in  (70.) 

may  be  solvra  thus:  place  two  wheels  If  the  shafts  be  at  a  considerable  dis- 
on  the  two  axes,  so  that  they  shall  be  in  tance  one  from  the  other,  the  bevelled 
the  same  plane  at  light  angles  to  the  wheels  placed  upon  them  cannot  con- 
given  axes.    Let  these  wheds  act  one  veniently  act  one  upon  the  other  imme- 
upon  the  other  either  by  the  friction  of  diately.    In  this  case  a  third  shaft  must 
their  edges  or  by  a  strap,  or  chain,  or,  be  used,  bearing  two  bevelled  wheels,  as 
finally,  by  teeth.    If  they  act  ather  by  represented  in  Jig.  113,  through  which 
friction  or  by  teeth,  the  rotation  round  the  motion  is  transmitted. 
the  two  axes  will  be  made  in  contrary 
dhrections ;  but  if  they  act  by  a  stn^  or  ^^ 
chain,  the  rotation  will  be  mthe  same  ^      ^^|^         ^<^-  1  in- 
direction if  the  strap  be  crossed;  but 
otherwise  in  opposite  directions. 

Tlie  rotation  may  be  produced  in  the 
same  direction  when  the  wheels  act  by 
teeth*  or  friction,  by  interposing  a  third 
wheel  between  those  which  are  placed 
upon  the  given  axes.  There  is  an  ad- 
vantage in  the  use  of  a  strap,  in  cases 
whoe  the  two  axes  are  at  a  consider- 
i^le  distance  one  from  the  other ;  as  it 
does  not  render  the  multiplication  of 

wheels  necessary.  This  methof*  of  connecting  the  shafts 

In  cases  where  the  resistance  is  too  by  a  third  shaft  will  also  serve  when  the 

great  for  the  use  of  a  strap,  rotation  two  given  shafts  are  not  in  the  same 

mav  l>e  transmitted  to  a  number  of  pa-  plane. 

rallel    shafts   by    means  of  beveUed  W  hen  the  shafts,  between  which  the 

wheels  on  a  shaft  at  right  angles  to  motion  is  to  be    transmitted,  are  at 

them.    This  method  of  g;iving  rotation  right  angles,  two  bevelled  wheels,  such 

to  several  parallel  shafts  is  represented  as  are  represented  in  Jig.  47,  are  most 

injtg.  112.  frequently  used.    A  crown  and  spur 

«.     ,  ,^  wheel  would,  however,  serve  the  same 

^^n                  n  purpose,  and  are  sometimes  resorted 

to.    This  arrangement  is  represented  in 

Jig.  114. 

Rotation  round  an  axis  may  be  trans- 
Ibned  to  an  axis  at  right  angles  to  it  by 
means  of  a  perpetual  screw  working  in 
a  toothed  wheel,  as  represented  in  Jig. 
86.    In  this  figure  the  axis  of  the  wheel 

When  thevelodty  of  rotation  is  to  be  is  represented  paxalld  to  VYv^  V^yna.Q>xv% 

the  etme  at  tiMt  of  the  ib«/t  from  but  it  is  plun  thaX  >kv«  ^k»m^  ^^^^X.'^c^ 
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be  prodoaed  it  whaftevor  angle  it  n  in- 
dined  to  the  horizon,  providra  it  be  per- 
pendicular to  the  axis  of  the  screw. 

Fiff.  1X4. 


Fi9. 11%. 


Hooke*s  universal  joint  is  a  yeiy  sim- 
ple and  effectual  method  of  transferring 
rotation  from  one  axis  to  anotfier. 

The  single  universal  joint  is  repre- 
sented iny^.  115.    A  and  B  are  the 


Fi^.  115 


the  impdlinff  |K>wer ;  for,  bj  qppiyiug 
an  nmversaljoint,  the  shaft majr  bt eat 
into  convenient  lengths,  and  be  ftam 
enabled  to  overcome  a  greater  resisU 
ance. 

(113.)  ToamDeriaetmiimudeireukr 
motion  into  a  recwrooaHngciradar  mo- 
tion, or  vice  versa. 

•There  are  various  methods  of  mak- 
ing this  change.  One  of  the  moit 
common  is  by  a  crank,  connected  by  a 
rod  with  the  end  of  a  working  beam,  or 
lever,  as  represented  in  /g.  87.  Here 
the  end  of  the  rod  connected  witti  the 
crank  moves  with  a  continued  drenlsr 
motion  round  .the  axis  of  the  crank, 
while  the  other  end,  connected  with  the 
beam,  moves  altematdy  in  a  CDColar 
arc. 

Another  contrivance  for  this  pmpose 
is  represented  in^^.  117,  where  B  and 


shafts,  between  which  the  rotation  is 
transmitted;  CD,  EF  is  a  cross  of 
metal,  the  ends  of  which  turn  freely  in 
bushes  placed  in  the  extremities  of  two 
diameters  in  which  the  shafts  terminate. 

From  considering  this  arrangement,  it 
is  evident  that,  when  the  shEift  A  is 
turned  round,  tlie  shaft  B  will  receive 
a  similar  motion.  If,  however,  ihe 
angle  under  the  shafts  A  and  B  be  less 
than  140^  this  will  fail  to  act. 

In  this  case,  the  double  universal 
joint  must  be  resorted  to.  This  b  re- 
presented in  Jig,  116.  There  are  here 
two  crosses,  the  extremities  of  which 
move  on  pivots,  like  the  former.  This 
will  serve  wh^n  the  angle  contained  by 
the  shafts  is  less  than  140°. 

These  joints  may  also  be  constructed 
with  four  pins,  fastened  at  right  angles 
upon  the  circumference  of  a  hoop,  or 
solid  ball.  Thev  are  of  considerable 
use  in  cotton  mills,  where  the  tumbling 
xbMdg  extend  to  a  great  distance  from 


C  are  two  spur-wheels^  on  the  same 
shaft,  and  A  is  a  crown-wheel,  wludi 
is  oidv  partially  furnished  with  teeth, 
and  placed  on  a  shaft  at  fight  angles  to 
D  £.  The  shaft  D  E,  being  tuned 
constantly  in  the  same  direction,  so 
long  as  the  teeth  of  the  wheel  A  are 
en^^ed  with  those  of  B,  the  shaft  of 
A  is  turned  in  one  direction  ;  but  when 
they  be^n  to  be  acted  upon  by  those 
of  C,  it  IS  turned  back  in  the  opposite 
direction,  and  so  Uie  alternate  rotatoiy 
motion  is  continued. 

It  may  also  be  effected  by  a  wheel 
having  wipers  on  its  drcumfoence, 
which  raise  a  lever  placed  at  ririit 
angles  to  the  plane  of  the  wheel»  oie 
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repmented  caitre,  M  thkt,  u  the  oM  iriMd  i*  car- 
ried round  the  other  by  the  cwnMdinf 
rod,  it  pvea  to  the  other  a  continued 
roteitory  motion.  The  oltemete  cir> 
cular  motion  of  the  end  of  the  beam 
ia  thua  made  to  communicate  a  conti- 
Bued  rotatory  motion  to  the  wheeL 
In  Jig.  121  ii  repreaented  >  contri* 
Plff.m 


aa  Vttiag  t  fbi^  hammer,  whkh  tklli 
on  the  anvil  by  tta  own  vre^t. 

Another  ctnitrivance  ia  represented 

in  /Ig.  119,  •omewhat  nmilar  to  that 

repreiented  in  Jig.  103,    but  instead 

Fig.  119. 


of  the  wipera  acting  on  a  rod  mov- 
ing  to  guides,  they  act  on  a  lerer 
worliing  on  a  centre.  The  end  of  the 
lever  is  pessed  against  the  wipers  by  a 

The  mm  and  pttmtt  teked,  invented 
by  Watt  tac  his  earlier  double-acting 
gteam-engines,  i*  another  example  of 
this.  To  the  end  of  a  vibrating  besn, 
a  connecting  rod,  A  B,  is  sttadied,  on 


the  lower  end  of  which  is  fixed  a  tooth~ 
ed  wheel,  incapable  of  turning  on  its 
centre.  This  wheel  works  in  the  teeth 
of  anottuTi  Ct  wbidi  tunu  fl«e^  on  the 


ranee  on  nearly  the  same  pnndple  aa 
the  lever  of  La  Garoutte.  M  N  is  a 
wheel  having  teeth,  or  spindles,  pro- 
jecting from  it  in  the  manner  of  a 
crown-wheel;  A  B  ia  a  lever  working 
on  the  centre  C  ;  D  and  E  are  Iwo  rods 
turning  on  mns  in  the  lever,  and  the 
opposite  ends  of  which  are  so  formed, 
aa  to  press  asainst  the  spindlea,  and 
turn  the  whed  round.  When  the  end 
B  of  the  lerer  is  pressed  towards  the 
wheel,  the  rod  D  presses  the  spindle, 
and  urges  the  wheel  round  its  centre. 
By  the  same  motion,  the  rod  E,  and 
the  spindle  on  which  it  tests,  are  se- 
parated, and  the  rod  B  falls  upon  the 
next  spindle  of  the  wheel.  The  end  B 
being  then  moved  from  the  wheel,  the 
rod  E  presses  upon  the  spindle,  and 
urges  the  wheel  round  its  centre ;  while 
the  rod  D,  and  the  spindle  on  which  it 
rests,  are  separated,  and  the  rod  D 
falls  upon  the  next  spindle.  In  this 
way  the  alternate  circular  motion  of  the 
lever  A  B  produces  a  continued  circular 
motion  in  the  wheel  M  N. 

The  various  kind^^  of  escapements 
which  are  used  in  clock-work,  are  in- 
stances of  the  same  effect.  The  pen- 
dulum has  a  reciprocating  circular  mo- 
tion, and  the  wheel  in  connection  with 
it,  and  which  it  regulates,  has  a  conti- 
nued circular  motion. 

(114.)  To  convert  a  reciprocating  cir- 
cular motion  into  another  reciproca- 
ting drctdar  motion. 

The  means  of  accomplishing  this  are 
numerous  and  obvious.  Ifthe  two  vi- 
brations be  round  the  same  axis,  it  ia 
evident  it  may  be  done  by  fixing  upon 
the  axes  two  arms  or  levexa,  \ft««eT&.«&. 
from  the  centie  ia  \!be  juw^ia  Ha 
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wludi  th6  motions  are  to  be  made,  and 
of  lengths  proportional  to  the  circular 
arcs  through  which  their  extiemities 
are  to  vibrate. 

If  the  motions  be  not  on  the  same 
axis,  the  two  axes  may  be  connected  by 
almost  any  of  the  methods  used  in 
transferring  continued  circular  motion 
from  one  axis  to  another. 

In/yfi".  1 22  is  represented  a  contrivance 
of  M,  Ciuniu,  for  the  purpose  of  moving 

Fig,  122. 


"^ 


sieves.  A  B  C  D  is  a  table,  on  which 
is  a  plank  £  F,  capable  of  revolving  on' 
the  pivots  mn.  To  an  arm,  #,  attached 
to  one  of  the  pivots,  a  pendulum,  R  S, 
is  suspended.  The  first  mover  gives 
the  pendulum  an  alternate  circular 
motion,  and  this  ^ves  the  plank  a  vi- 
brating motion  on  the  pivots. 

There  are  numerous  other  contri- 
vances for  accomplishing  this  change, 
but  our  limits  preclude  us  from  prose- 
cuting this  subject  further. 

Chap.  XIV. — Works  on  Mechanics, 

The  treatises  which  have  been  pub- 
lished on  this  subject,  not  to  mention 
innumerable  detached  pieces  which 
have  been  printed  in  the  transactions 
of  learned  societies,    scientific  perio- 


dicals, &c.,  Sec  are  so  mmieroiu,  tiiat 
we  cannot  pretend  to  insert  here  apy  ca- 
talogue of  them.  Nevertheless,  we  mi^ 
refer  the  student,  who  is  desirous  of  ex- 
tending his  inouiries  on  the  subject,  to 
sources  where  ne  may  find  ample  mate- 
rials for  the  extension  and  improvemeiit 
of  lus  mechanical  knowedge. 

To  those  who  are  not  veiyflumliar 
with  mathematical  science,  we  should 
recommend  Dr.  Brew8ter*8  edition  of 
Ferguson's  Mechanics.  In  the  se- 
cond volume  of  this  work,  more  em- 
cially,  a  vast  quantity  of  valuaMem- 
formation  is  collected  and  explained 
with  admirable  clearness  and  simplici- 
ty. This  volume  is  entirely  from  the  pen 
of  Dr.  Brewster,  and  is  by  far  the  bat 

Eart  of  the  work.  The  student  shodd 
e  cautious  not  to  consult  the  old  edi- 
tions of  Ferguson,  as  they  oontaiii  nn- 
merous  errors. 

The  second  volume  of  Dr.  GrriegOft*i 
Mechanics  contains  a  great  quantity 
of  interesting  and  useful  practical  in- 
formation, explained  in  a  veiy  i*wi«Km' 
style,  and  without  much  matliematicil 
reasoning.  The  mathematical  stodcBt 
will  be  greatly  benefitt^  by  the  stndf 
of  the  nrst  volume  of  this  exoellafc 
work. 

For  those  who  seek  an  acquaintance 
with  the  mathematical  tiieoiy  of  Me* 
chanics,  there  is  a  very  numerous  daa 
of  English  authors,  amonest  whom  ve 
may  mention  Bridge,  Desaj|;ulier9» 
Emerson,  Gravesande,  Playfanr,  Ro- 
bison,  Whewell,  Wood,  Youne,  Sec 

The  foreien  authors,  on  this  sub- 
ject, are  also  very  numerous :— La- 
place, Lagrange,  Prony,  Poisaott,  Be- 
lidor,  Biot,  Venturoli,  lo.  &s» 
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THIRD  TREATISE. 

On  Friction  and  the  Rigidity  of  Coboaor. 

Chapter  1. —  Of  resitting  Forces  in    it  may  be  truly  asserted,  that  no  moYimi 

general.  ever  takes  place  on  the  surface  of  the 

earth  without  the  manifestation  of  the 
(I).  Whatever  is  capable  of  putting  a  effect  of  resisting  forces.  The  resist- 
quiescent  body  in  motion,  of  increasing,     aiice  which  fluids,  both  elastic  and  in- 

or  diminishing,  the  quantity  of  motion  elastic,  oppose  to  the  motion  of  bo<lies 

in  a  movinc:  body,  or  finally,  of  destroy-  through  tliem,   are,  perhaps,  the  most 

ingthe  motion  of  a  moving  body,  and  common  and  striking  examples  of  ttx 

reducing  it  to  a  state  of  rest,  is  deno-  effects  of  these  forces.     The  resistance 

minated  a  force.    There  are  two  kinds  which  a  projectile  suffers  in  its   pas 

of  forces,  distinguished  one  firom  tlie  sage  through  the  air,  and  a  solid  body 

ether  by  the  effects  they  are  capable  of  in  descending  through  water,  are  familiar 
producing.  The  first  species  are  those  examples.  As,  however,  the  resistance 
which  are  capable  of  communicating  of  fluids  properly  belongs  to  another 
motion  to  a  body  which  is  quiescent,  branch  of  the  science,  we  , shall  not 
Such  forces  will  manifestly  be  also  ca-     notice  it  particularly  here,  but  shall 

pable  of  producing,  under  different  cir-  confine    ourselves    to    those    resisting 

cumstances,  all  the  other  effects  enume-  forces  which  arise  from  friction,  and  the 

rated  in  the  above  definition  of  the  word  rigidity  of  cordage. 
force.   Thus  it  is  quite  evident,  that  the        (2).'  It  recjuires  but  little  con.<sidera 

same  force  which  would  give  motion  to  tion  to  perceive  of  how  great  import  • 

a  body  at  rest,  would,  if  applied  in  the  ance  the  knowledge  of  the  eflects  of  these 

proper  direction  to  a  body  in  motion,  resistances  is  in  mechanical  science.    In 

increase  the  quantity  of  motion,  and  if  our  first  treatise,  we  explained  the  na- 

applied  in  the  qpposite  direction  would  ture  and  laws  of  the  active  forces,  or 

diminish  it.    Also,  it  is  clear  that  if  such  those  mechanical  agents  which  are  com- 

a  force,  first  applietl  to  a  body  at  rest  monly  employed   in  sfiving  motion  to 

give  it  motion  in  a  certain  direction,  and  machinery.     In  our  second  treatise,  we 

be  afterwards  applied  to  the  same  body  explaineathe  nature,  construction,  and 

in  the  opposite  direction,  it  will  destroy  properties  of  the  machinery,  which  was 

the  motion  which  it  had  communicated,  destined  to  receive  motion  from  these 

and   will   again  reduce  the  body  to  a  active  forces  just  mentioned.     But  in 

state  of  rest.    This  species  of  force  may  tliis  investigation,  in  order  to  disembar- 

be  denominated  active  force,   and   all  rass  the  subject  of  its  complexity,  and 

those  forces,  the  properties  of  which  we  present  it  to  the  student  in  the  most  sim- 

investigated  in  our  first  treatise,  and  pie  and  intelli^ble  form,  we  considered 

which  are  prime  movers,  come  under  that  the  machines  by  which  the  active 

this  cla.ss.  forces  were  transmitted  to  the  workinir 

The  second  species  of  forces  are  those  points  were   absolutely   free   from  alt 

which  are  capable  of  diminishing  the  resi«ttances ;   that  the   surfaces   which 

quantity  of  motion  in  a  moving  body,  moved  in  contact  were  perfectly  polished, 

or  of  totally  destroying  it,  and  reducing  and  acted  without  friction ;  that  axles 

the  body  to  a  state  of  rest ;  but  which  and    pivots    were    mathematical    lines 

are  entirely  incapable  either  of  produc-  and  points  ;  that  ropes  were  perfectly 

ing  motion  in  a  (quiescent  body,  or  of  flexible;  and  in  a  word,  that  tne  effect 

increasing  the  mobon  of  a  moving  l)ody.  of  the   prime  mover  was    absolutely 

Such  forces  may  be  denominated  pas-  undiminished  by  any  resistance  what- 

tive  or  resisting  forces.    Examples  of  ever  in  its  transmission  IUtomiii^  \3m^ 

such  forces  are  numerous,  and  indeed  mactune  to  \V\e  vioTVitv^  y>vcvV«    ^o;^^ 
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of  these  suppositions,  however,  really  sisting  tl^e  descent  of  the  weight,  and 

obtain  in  the  practical  application  anil  consequently  the  power  requisite  to  sus- 

use  of  machinery  ;    the  various  sur-  tain  tlie  weight  will  be  less  than  before 

faces  which  move  in  contact  are  never  by  the  amount  of  the  friction, 

perfectly  smooth :  axles  are  of  sensible  Again,  suppose  a  weit::ht  suspended  ' 

Qiickness,  and  move  in  sockets   never  from   a    sinrfe    moveable  pulley,    the 

Perfectly  polished  ;  ropes,  so  far  from  amount  of  the  weiirht  and  pulley  toee- 
eing  perfectly  flexible,  have  consider-  tlier  being  two  pounds.  If  tne  rope  had 
able  rigidity,  and  this  rigidity  is  ge-  no  rieidity,  and  passed  without  iriction 
nerally  great  in  proportion  to  their  over  the  wheels,  the  wheels  themselves 
strength.  Art  may  do,  and  has  done,  also  moving  without  friction,  either  with 
much  to  diminish  the  eifects  of  these  re-  the  blocks  or  on  their  axles,  the  power 
sistances ;  surfaces  have  been  produced  necessary  to  sustain  the  weight  would  be 
of  high  polish,  and  various  means  have  one  pound.  But  if  on  the  other  hand,  the 
been  adopted  to  give  them  additional  ropeha\e  a  stifiness  which  requires  a 
smoothness,  but  still  they  continue  to  certain  force  to  bend  it  over  the  wheels ; 
be  studded  with  small  asperities,  which,  if  also,  in  passing  over  the  wheels,  the 
coming  constantly  in  opposition  during  roughness  of  its  surface,  and  that  of 
their  motion  one  upon  another,  obstruct  the  wheel  produce  a  resistance  from 
that  motion,  offer  a  considerable  resist-  friction;  and  lastJv,  if  the  wheel  rub 
ance  to  the  action  of  the  prime  mover,  against  the  block,  the  surfaces  not  being 
and  robbing  that  power  of  a  great  part  perfectly  smooth,  and  also  be  subject  to 
of  its  efficacy,  send  it  with  proportionally  friction  in  its  motion  on  ils  axis  ;  then 
diminished  nitensity  to  the  working  all  these  resistances  require  a  consider- 
point.  It  is  clear,  therefore,  that  if  we  able  portion  of  the  weight  to  overcome 
would  estimate  the  real  practical  efficacy  them,  and,  consequently,  they  conspire 
of  a  machine,  we  should  possess  the  with  the  power  in  supportini^  the  weight, 
means  of  calculating  the  amount  of  so  that  the  power  which  wilf  accomplish 
these  resistances,  and  when  so  found,  this,  will  be  less  than  in  the  former  case, 
we  should  subduct  it  from  the  effect  by  the  total  effect  of  the  several  re- 
computed on  the  theoretical  principles  sistances. 

laid  down  in  our  second  treatise,  whei-e  In  cases  of  equilibrium,  therefore, 
no  regard  was  had  to  these  resisting  and  in  the  sense  we  have  explained,  the 
forces.  The  overplus  of  force  after  this  power  is  said  to  be  assisted  by  the  re- 
deduction  is  the  only  part  of  the  effect  sisting  forces.  The  very  opposite  effect 
of  the  first  mover,  which  can  be  con-  obtains  in  dynamics,  or  when  the  power 
sidered  as  practically  avaiJabJe  in  any  is  used  not  merely  to  sustainAY\e  weight, 
application  of  the  macliine.  but  to  move  it.  Here  the  resisting  forces 
(3).  Passive  or  resisting  forces  pro-  obviously  cy>po*^  the  power,  and  deprive 
duces  very  diherent  effects  in  Statics  it  of  a  part  of  its  efficacy, 
and  Dynamics,  that  is,  in  machines  in  a  Let  us  take  the  same  examples.  Sup- 
state  of  equilibrium,  and  in  a  state  of  pose  a  weight  of  two  pounds  placed 
motion.  If  the  machine  be  in  a  state  of  upon  an  inclined  plane,  whose  length  is 
equilibrium,  the  resisting  forces  are  said  twice  its  height.  If  there  be  no  friction, 
to  assist  the  power.  The  meaning  of  any  power  exceeding  one  pound  will  be 
this  is,  that  in  u  real  machine  having  sufficient  to  draw  the  weight  up  the 
those  resistances,  a  less  power  will  be  plane.  But  this  will  not  be  true,  if 
sufficient  to  support  a  given  weight  than  there  be,  as  there  always  is,  tnction. 
would  be  necessary  to  support  it  were  For  a  power  of  one  pound  being  only 
those  resistances  removed.  As  an  ex-  sufficient  to  sustain  the  body  on  the 
ample,  suppose  that  a  weight  of  two  plane  without  moving  it  when  there  is 
pounds  were  placed  upon  an  inclined  no  friction,  if  a  small  quantity  be  added 
plane,  of  which  the  length  is  twice  the  to  this,  that  quantity  may  not  exert  siif- 
neight.  If  there  were  no  friction  be-  ficient  force  to  overcome  the  friction, 
tween  the  surfaces  of  the  weight  and  the  and  to  put  the  weight  in  motion.  In  fad, 
plane,  a  power  of  one  pound  acting  pa-  the  weight  will  not  commence  to  move 
rallel  to  the  plane  would  be  necessary  up  the  plane,  until  such  a  quantity  be 
♦o  sustain  the  weight  in  equilibrium,  added  to  the  power  of  one  pound,  as  w 
But  if  we  suppose,  what  always  really  commensurate  to  the  friction,  Wha 
obtains,  tliat  the  surfaces  of  the  weierht  this  quantity  precisely  has  been  added, 
and  ^Jane  arc  subject  to  friction,  this  the  weight  wiJl  still  be  at  re«t,  but  wiU 
6rJction  consvires  with  the  power  in  re-  b^  >n\VVv  res\^ect  to  its  motion  tip  tti 


MECHANICS. 


plane,  in  the  same  situation  as  if  there 
were  no  fiiction,  and  the  least  accession 
which  the  power  receives  will  draw  up 
the  weight.  Thus  it  appears,  that  when 
there  is  friction,  a  less  power  is  neces- 
aary  \jo  sustain  a  given  weight  on  an  in- 
clined plane,  and  a  greater  power  is 
necessary  to  move  it  up  the  plane  than 
would  be  necessary  were  there  no  fric- 
tion. 

In  like  manner,  in  the  case  of  the 
•ingle  moveable  pulley,  if  there  were 
none  of  the  resistances  already  men- 
tioned, any  power  exceeding  one  pound 
would  draw  up  the  weight.  But  if  the 
resistances  be  supposed  to  exist  before 
motion  can  ensue,  we  must  add  to  the 
power  a  sufficient  quantity  to  balance  all 
the  resistances.  The  least  addition  to 
the  power  after  that  will  produce 
motion. 

We,  therefore,  infer  in  general,  that 
when  a  machine  of  any  kind  is  used 
simply  to  sustain  a  weight,  or  to  balance 
a  resistance,  the  resisting  forces  act  in 
conjunction  with  the  power,  and  are  of 
mechanical  advantage.  In  many  in- 
stances the  resisting:  powers  constitute 
the  whole  power  and  efficacy  of  the  in- 
strument. Thus,  when  screws  are  used 
to  bind  together  the  parts  of  any  struc- 
ture, the  friction  of  the  screw  with  the 
substances  in  which  it  is  inserted  pre- 
vents its  iciurn,  and  constitutes  its 
whole  efficacy.  In  like  manner,  in  the 
use  of  nails,  which  are  nothing  but  nar- 
row wedges,  the  friction  prevents  the 
recoil  of  the  instrument,  and  gi\es  it  all 
its  binding  power. 

The  ordinary  use  of  the  wedge  itself 
presents  at  once  an  insiance  of  the  sta- 
tical advantage,  and  the  dynamical  dis- 
advantage, of  a  resisting  torce.  When 
a  wed^  is  used  for  any  piirpose,  as  to 
split  timber,  the  great  friction  which  is 
produced  between  its  faces  and  the  sur- 
face of  the  timber,  opposes  a  consider- 
able resistance  to  the  etlcct  of  the  force 
of  percussion  applied  to  the  back  of  the 
wedge  to  urge  it  forward,  and  it  a.Cv:ord- 
ingly  advances  with  much  less  foicre  and 
eifect  than  it  would  if  the  friction  were 
removed.  But  after  it  has  advanced, 
this  same  friction  prevents  its  recoil,  in 
the  interval  between  two  sucxiessive 
strokes  on  its  back.  In  this  case,  there- 
fore, were  it  not  for  the  effect  of  friction, 
we  should  l>e  compelled  to  urge  tiie 
wedge  by  pressure  instead  of  the  far 
more  efficacious  force  of  percussion. 
Much  more  power  is  gained  here  by  the 
effeot  of  the  friction  hi  pre\  enting  the 


recoil  dunng  the  intermission  of  tlie 
force,  tlian  is  lost  by  its  resistance  to 
the  advance  of  tlie  wedge. 

(4).  The  laws  which  govem  resisting 
forces  are  derived  wholly  from  experi- 
ment, nor  have  we  any  simple  and  ge- 
neral piinciples  fiom  wliich  they  can  be 
deduced  by  mathematical  reasoning.  It 
is  to  be  regretted,  that  even  among  the 
best -conducted  experiments  which  have 
been  instituted,  some  considerable  dis- 
crepancies are  observable,  and  differ- 
ences of  opinion  subsist  between  the 
most  respectable  authorities  respecting 
many  particulars  connected  witli  the 
properties  and  laws  of  these  forces.  We 
shall  give  a  general  account  ot  those 
])roperties  in  which  philosophers  have 
most  generally  agreed,  stating  those 
cases  distinctly  in  which  the  results  of 
different  systems  of  experiments  are 
nuitenally  at  variance. 

Although,  as  we  have  just  stated,  the 
laws  of  lesisiing  forces  are  derived 
wholly  from  experiment,  yet  even  here 
the  genei'al- principles  of  the  science  are 
far  from  being  useless.  Tliey  serve  as 
a  guide  in  the  selection  of  the  experi- 
ments best  calculated  to  develop  those 
laws  which  are  the  subject  of  inquiry, 
as  well  as  to  shew  the  inconclusiveness 
of  some  experiments  on  which  we  might 
olhervvise  be  induced  to  rely ;  and  they 
also  enable  us  to  deduce  from  the  re- 
sults of  experimental  inqiiiry  numerous 
useful  practical  results.    • 

We  shall  commence  with  the  consider- 
ation of  J  rid  ion  1  by  far  the  most  im- 
portant 01  those  resisting  forces  which 
we  shall  have  to  investigate. 


Chapter  II. — 0/  the  Friciion  of  one 
Surface  aliding  over  another. 

(5).  Friction  necessarily  supposes  the 
surface  of  one  body  moving  or  tending 
to  move  upon  the  si'irface  of  another.  U 
also  necessaiily  suj>poses  the  one  sur 
face  to  be  urned  against  the  other  with 
some  sensible  deinee  of  pressure.  Undei 
these  circumstances,  the  cause  of  fric- 
tion is  the  want  of  perfect  smoothness, 
or  polish  in  the  surfaces  which  are  in 
contact.  The  small  asperities  which  are 
spread  over  each  suilace,  become,  when 
thesmfaces  ai'e  in  contact,  insertet^  as 
it  weie,  among  each  other ;  and  upon  any 
effort  to  move  the  surfaces  one  \\\x>u 
the  other,  these  aspeiities  and  vuiiCv^vaJLV 
ties  oppose  evxdx  o\\v^x,^\\di  \^vis\  >J«>fe 
tendency  \o  u\o\\ot\.     'VVtfi  xcv^wwvix  ">sv 
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eacii  other,  ami  in  this  position  pressini; 
them  lo^lher  in  the  direction  of  tlie 
hairs,  so  Ihsl  llie  hairs  of  each  brush 
insert  tliemselvt^  betwei^n  those  uf  the 
othsr.  Any  atlitmpt  to  move  the  one 
brush  upon  the  other  in  a  direction  at 
ri:iht  unifies  to  the  hairs,  will  be  fouinl 
ro  be  opposed  by  a.  consiJerible  resist- 
ance. Tlie  inei|iialitiBS  with  wliich  sni- 
facCH  subject  to  friction  are  coverwl, 
tct  upon  one  another  m  the  »anie  man- 
ner as  Ihe  hairs  of  Ihe  bru^hc^ :  and  us 
It  is  obvious,  thai  the  itreatei-  th.;  force 
with  vihidj  llie  Imishes  are  pimxed  to- 
tcelher,  tlie  greater  the  lateral  resistance, 
■I)  also  it  JH  invariably  found  that  the 
forester  the  pressure  with  which  surfaces 
are  urued  oite  aiodnst  the  o;her,  the 
preatu-  will  In- the  ftiction. 

(H).  There  are  three  sjiecies  of  fiit- 
tion,  or,  to  sjieak  more  proiwrly,  there 
are  three  ways  iu  ttliichoiiesurliice  can 
move  ui>on  aniiiher.  in  iMi-h  of  which 
the  friction  acts  diHiTeiilly.  Tlw  first 
is,  when  one  l)ody  restiiit;  on  a  plane 
base,  iliite*  upon  the  plane  surface  of 
tnolher  body.  The  second  is,  when  one 
imkIv  l^eini;  cylindrical,  mils  upon  the 
surface  of  another  body.  The  third  is, 
when  a  solid  cylinder  is  inserted  in  a 
hollow  cylinder  of  a  (irealer  diameter, 
and  beini;  presseil  in  any  direction  wiih 
a  itrtain  force  revolves  within  it.  We 
iihall  consider  successively  friction  act- 
ing in  these  several  way.s. 

(7.)  Tliat  undiT  tlu-  same  circum- 
stances thf  friction  of  one  surface  moi- 
int;  upon  another  is  proiMrtional  to  the 
prejisui-e  uith  vhich  the  surfact^!  ai-e 
ur^ed  to);elhi-r, seems  lolx;  a  law  pretty 
■atisfactoi'ily  established  by  experiment. 
Considering  then,  for  tlie  present,  this 
law  as  exact,  we  hhall  explain  the  na- 
ture of  the  experiments  by  which  it  may 
lie  eslHbli-ihea. 

Let  A  li  (fig.  I,)  be  a  perfectly  level 
plane,  the  sumce  oi  which  is  one  ot 
those  "lioselnction  is  lo  he  examined. 
Let  CD  lie  a  piece  of  the  substance,  Ihe 
lower  surface  of  which  it  is  proposed  to 
move  in  contHcl  with  that  of  the  plane, 
this  surface  and  that  of  the  j^ilane  Imng 
those  between  which  the  fhction  is  to 
be  examined.  Tlie  up]>er  part  of  C  D 
is  adapted  to  receive  weights,  so  as  to 
vary  at  pleasure  (he  pressure  of  C  D  on 
the  plane  A  B.  Attached  ti)  C  I>.  at 
/>,  it  a  thrend,  H-IiJch  is  carried  parallel 
to  the  pinne  over  a  llited  pulley,  V,  and 
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lias  a  dish,  S,  suspended  from  il, 
adapted  to  receive  weights,  the  elftct 
of  which  will  I*  to  draw  C  D  along  the 
plane.  Now,  let  C  D  he  loaded  so  that 
the  weight  of  ilselt  and  its  load  shall  Iw 
one  pound.  I.et  line  sand  Hon  into 
the  djsh,  S,  until  it  is  of  just  sufiicieni 
weiahl  to  move  (J  D.  The  weight  of 
the  sand,  ini-huling  that  of  the  dioh. 
will  then  represent  ihe  friction.  Sup- 
pose that  this  is  half  a  pound.  Now 
let  CD  be  load^Kl  uith  another  pound, 
so  that  Ihe  pressure  upon  the  plane  will 
be  twice  its  former  amount.  It  vrill  be 
founil  ihat  it  will  recjuire  half  a  pound 
inoie  10  tie  placed  in  Ihe  dish,  S,  in 
order  to  put  C  1>  in  motion.  Thus, 
when  the  |iressuve  is  doubled,  the  fnc- 
tjon  is  also  doubled.  Again,  let  a  third, 
fiiurth,  and  filth  pound  be  siiecessively 
added  to  C  D,  it  will  l)e  found  to  be 
necessary  to  add  a  third,  fnitrth,  and 
fifth  half  pound  lo  Ihe  weight  in  S,  in 
order  to  Overcome  the  filclion.     And  in 


tlie  same  manner  the  expei: 
be  c<intiiiued,  demonstrating  that 
whatever  proportion  the  jiressuie  is  in- 
creased, the  friction  will  be  increased  in 
exiiclly  Ihe  same  piopoilion. 

Siidi  is  the  i-esull  of  the  experiments 
of  Couhimh  and  Tiimenn,  instituted  on 
a  large  scale,  and  submitted  to  a  great 
variety  of  trial-.  Tliere  was.  howeier, 
in  an  exireme  case,  found  to  be  n  slight 
deviation  from  this  law.  For  when  tlie 
pressures  useil  were  extremely  intense, 
it  was  found  that  the  friction  did  nol 
increase  in  (|uiie  so  great  a  proportion 
as  Ihe  pressure.  The  deviation  fr«iu 
the  law,  h<iwcver,  was  so  very  inconsi- 
derable, and  happened  only  in  such  ex 
treme  cases,  thai  it  might  for  the  most 
part  lie  neelecled. 

The  friction  being  then  considervd  to 
lie  ^ruuodional  lo  the  preasure  when 
t\le  uinaCKS  art  ^''^w.a.Nwr)  i«nmk- 
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-Rble    consequence    follows,  which    is,  then/P  will  1)6  the  friction  produceil 
that  however  the  magnitude  of  the  sur-  by  the  pressure,  P,  on  one  square  inch 
face  of  contact  may  vary,  the  friction  of  surface,  and /S  P  will  be  the  friction 
will  remain  the  same  so  Iouje:  as  the  produced  by  the  pressure,  S  P,  upon 
pressure  is  unchanered.    Thus,  suppose  the  surface,  S      If  F  be  this  total  fric- 
the  body,  CD,  to  be  a  flat  block  of  tion,  we  shall  have  F=^/S  P.     But  S  P 
wood,  the  face  of  which  is  sixteen  square  is  the  total  pressure  or  weight  of  the 
inches  in  ma£:nitude,  and  the  ed^e  of  block.  Calling  this  W,  we  have  F=/W, 
which  is  equal  1o  only  one  square  inch,  which  is  independent  ot  the  magnitude 
it  will  have  the  same  friction  with  the  of  the  surface  of  contact.] 
plane,  A  B,  whether  it  l>e  placed  upon  The  result  which  we  have  here  ob- 
its face  or  upon  its  edge.    To  explain  tained  as  a  consequence  of  the  propor- 
this,  let  us  suppose  the  weight  of  the  tionality  of  the  friction  to  the  pressure, 
block  to  be  sixteen  ounces ;  and  let  us  is  fully  couiirmed  by  the  experiments 
suppose  that  when  the  body  rests  upon  of  Coulomb  and  Ximenes.    They  found 
its  edge,  the  amount  of  the  friction,  de-  that  when  a  block  oi  any  substance  has 
termined   in  the   uianruT   already  ex-  several  faces  of  ditfeient    magnitudes, 
plained,  be  eight  ounces ;  it  therefore  the  friction  will  be  the  same  on  what- 
follows  that  then  tlit-  tVic:iion   of  every  (*ver  face  it  is  placed;  as  in  the  former 
square  inch  of  surface  is  equal  to  half  instance  there  is  an  extreme  case  which 
the  pressure  on  that  scjuare  inch.    Now  forms  an  exception  to  this  law ;  for  when 
h»t  the  block  l)e  i)lHc.cd  upon  its  face,  the  pressuie  is  very  small,  and  the  sur- 
and  let  us  suppose  that  the  magnitude  lace  of  contact  very  much  increased, 
of  the  face  is   sixteen  scpuire  inches ;  the   friction  is  found  to  be  somewhat 
th«  whole  weight  of  the  block  is  sixteen  greater  than  it  would  be  with  a  smaller 
ounces,  and  therefore  the  pressiu^  on  surface. 

each  square  inch  will  l>e   one   ounce.  (8.)   There    is    another    method    of 

When  the  pressure  on  a  square  inch  proving,  experimentally,  the  proportion 

was  sixteen   ounces,  the  fiiction  was  of  the  friction  to  the  pressure,  which 

eiirht  ounces ;  and  since  by  hyjiothesis,  depends  on  a  i»roperty  of  the  mclined 

the  friction  is  propoiiional  to  the  pres-  plane.    Let  the  body  W(yy/f.  2),  be  placed 


fig-  'i- 
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sure,  it  follows  that  in  the  present  case, 
in  which  the  pressure  is  one  ounce  on 
each  square  inch  of  surface,  the  triction 
of  each  square  inch  of  surface  must  be 
half  an  ounce  ;  and  since  there  are  six- 
teen square  inches,  the  total  friction 
will  be  sixteen  half  ounces,  or  eight 
ounces,  which  is  exactly  equal  to  the  . 

friction  when  the  block  rested  upon  its  "pon  a  plane,  A  B,  uhich  is  hmged  to 

(1^1^^.,  an  horizontal  plane,  C  B,  so  that  it  can 

It    is   evident  that   the  same  result  be  raised  to   any  proposed  elevation, 

would  be  obtained  had  we  supposed  the  Now   let   the   plane,   A  B,   be   slowly 

surfaces  of  any  other  magnitudes,  and  raised,  until  it  acquu-es  such  an  eleva- 

the  pressure  of  any  other  amount.     It  vation  that  the  force  of  the  body  down 

may  be  satisfactory,  however,  to  those  the  plane  is  just  sufficient  to  overcome 

who  are  a  little  conversant  with  alge-  the   friction,   wid    that   the  body   will 

braic  notation,  to  see  a  geneial  proof  therefore  commence  to  move.     In  this 

of  this  remarkable  propertv.  case,   theretore,   the    force    down   the 

♦  [Supposing  the  unit  of  snifacetobe  plane  will  be  equal  to  the  fnction.  If 
one  square  inch,  and  the  unit  of  juessure  the  length  of  the  plane,  A  B.  be  taken 
to  he  one  pound,  let  P  be  the  pressure  to  represent  the  whole  weitrht.  W  ,  the 
upon  a  square  inch  of  surface,  expressed  heicht.  A  E,  will  represent  the  force 
in  pounds  or  parts  of  a  pound.  Let  S  down  the  plane,  and  the  base,  B  E,  will 
be  the  number  of  square  inches  in  the  represent  the  pressure  of  the  weight, 
surface  of  contact ;  then  S  P  will  be  W.  upon  the  plane.  Tlie  propoilion 
the  total  pressure.  Let/ be  the  friction  of  the  friction  to  the  pressure  will  then 
which  one  pound  of  pressure  would  be  that  of  AE  to  BE.  Now  let  the 
produce  on  one  square  inch  of  surface ;  weight  be  successively  doubled,  trebled, 
-       -                  -  &c. ;  and  it  will  be  found  that  the  same 

•  Thort  ivHiIer*  not  familiar  nilh  inafhoinHtical  glevation   of  tVvft  \>\WV^  >k'^  QiOwKYW^ft  \^ 

b»r:ki*te.  overcome  VY\emc\\OTv,^wv>\V\\\vi>aw\ 
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in  motion.     Hence  the  proportion  be-  dent  that  the  effect  will  be,  that  the 

tween  the  weight,  friction,  and  pressure  body  will  move  with  an  uniformly  ac- 

continues  to  be  the  same ;  a  double  or  celeratins:  force  which  is  equal  to  the 

treble  pressure  always  produces  a  double  difference  of  the  two  forces  to  which  it 

or  treble  de^rree  of  friction,  and  so  on.  is  subjected.     But  if  the  force  which 

[Tlie  constant  proportion  which  is  retards  the  body  be  not  uniform,  while 

found  to  subsist  between  the  friction  the  force  which  accelerates  it  t>  so,  then 

and  the  pressure  may  be  expressed  in  the  rf//^^/?ce  of  these  forces,  with  which 

reference  to  the   angle,  A  B  E,  which  the  body  will  move,  will  not  Ije  an  uni- 

jfives  a  force  down  the  plane  ecjual  to  formly   aeceleratinsj    force,    since    the 

the  friction.     Let  this  anirle  be  called  want   of   uniformity   in   the    retarding 

X,  let  F  be  the  friction,  and  P  the  pres-  force  will  plainly  affect  the  difference  of 

sure.   By  what  has  been  already  proved,  the  two  forces.     If,  therefore,  a  body 

we  have  move  with    an    uniformly   accelerated 

F  ;  P  : !  A  E  :  BE  motion,  being  urged  by  two  forces,  an 

but    A  E  :  B  E  : :  tan.  X  :  1  accelerating  and  a  retarding  force,  we 

.•.  F  :  P  : :  tan.  X  :  l  are  warranted  in  concluding,  that  if  the 

/.  F-Ptun.  X.  accelerating  force  be  uniform,  the  re- 

Ttius  it  appears  that  the  tangent  of  farding  force  must  also  be  uniform,  for 

this  angle  always  expresses  the  ratio  of  otherwise,  according  to  what  has  just 

the  friction  to  the  pressure.]  been  explained,  the  motion  of  the  klody 

\Vh:it  we  have  already  stated  as  to  would  not  be  uniformly  accelerated, 

the  in<lepemlence  of  the  fiiction  on  the  These   observations  being  premised, 

masniitude  of  the   surface   of  contact,  we  are   now  prepared  to   explain  the 

may  also  be  established  experimentally  experiments  by  whicli  friction  is  proved 

by  the  inclined  plane.    For  on  whatever  to  be  an  uniformly  retarding  force, 

side  the  body,  W,is  placed  upon  the  plane,  (10.)  An  apparatus  such  as  has  been 

the  angle,  )C,  will  be  found  to  be  the  describetl  in  (7),  is  provided,  the  hori- 

same;  and  therefore  the  proportion  of  zontal  plane,  A  B,  bcmg  of  considerable 

the  friction  to  the  pressure  will  be  the  length.    The  body,  C  D,  is  placed  near 

same.  the  extremity,  A,  and  a  weight  is  sus- 

(9.)  Another  law  deduced  from  ex-  pended    at   §,   sufficient  to   move  the 

periment  is,  that  "  friction  is  an  uni-  body  along  the  plane  from  A  towaidi 

formly  retarding:  torce."     This  is  a  law  B.     The  descent   of  the  weight,  S,  w 

respecting  which  no  difference  of  opi-  measured  by  a  graduated  vertical  scale, 

nion  whatever  subsists ;  and  the  results  similar  to  that  used  in  Atwood*8  mt- 

of  all  experiments  which  have  been  in-  chine   (First  Treatise,  p.  13),  and  the 

stituted  on  the  subject  are  in  perfect  rate  noted   by  a  clock  in   exactly  the 

accordance.  same  manner.     In  moving  along  the 

It  will  be  recollected,  than  an  uni-  plane  from  A  to  B,  the  body,  CD,  is 

formly  accelerating  force,  as  explained  alfected  by  two  forces,  one  of  which, 

in  our  first  treatise  on  Mechanics^   is  viz.  the  force  with  which  the  weight,  S, 

one  which  j)roduces  an  increase  of  ve-  would  draw  it,   independently  of  fric- 

locity  in  the  moving  body,  which  is  pro-  tion,  is  an  uniformly  accelerating  force; 

portfonal   to  the  time   of  its   motion ;  the  other,  is  the  retarding  force  arising 

and  Vhe  motion  of  a  boily  excited  by  from  the  friction.     Accoixling  to  what 

such  a  force  is  characterized  by  several  we  have  proved  (9),  it  will  immediately 

remarkable  properties,  such  as  **  that  follow,  that  the  triction  is  an  uniformly 

the  spaces  described  from  the  beginning  retarding  force,  if  we  can  shew  by  ex- 

of  motion  are  proportional  to  the  squares  periment  that  the  motion  of  the  body  is 

of  the  times  of  describing  them  ;  the  unifonnly  accelerated.     For  since  the 

spaces   described    in   equal   successive  entire  urging  force  of  the  weight,  S,  is 

intervals  are  as  the  odd  nimibers,"  &c.  an  uniformly  accelerating  force,  and  the 

Now  an  uniformly  retarding  force,  on  motion  which  actually  obtains  is  also 

the  other  hand,  is  one  which  destroys  a  uniformly    accelerated,    the    retarding 

Corlion  of  the  velocity  of  the  moving  force  must  be  uniform  (9).  Let  the  body, 

ody;  and  the  quantity  thus  destroyed  is  C  D,  commence  its  motion  with  a  beat 

proportional  to  the  time  of  the  motion,  of  the  clock,  and  let  a  stage  be  adjusted 

If  a  body  be  urjred  at  the  same  time  by  successive  trials  upon  the  vertiod 

by   two    foices,   the    greater  an   uni-  scale,  so  that  the  weight,  S,  will  strike  it 

formly  accelcnLtinic  force,  and  the  lesser  with  the  second  beat.  The  space  through 

An  uniformly  n^tfiicVw^  force,  it  is  e\i-  wh\c\\  C  I)  W\\imo\*i'vcvoY«t  second  will 
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thus  be  determined.    By  the  same  pro-  the  same.    Hence  it  follows,  that  since, 

cess  we  may  find  the  spaces  descnbed  by  increasing  the  weights  of  C  D  and  S 

in  two,  three,  four  seconds,  or  in  as  in  the  same  proportion,  the  two  forces 

great  a  number  of  seconds  as  the  length  which  affect  C  D,  viz.  the  accelerating 

of  the  plane,  A  B,  will  permit.   If  the.-e  and  retarding  force,  remain  unaltered, 

spaces  be  found  to  be  in  the  same  pro-  their  difference,  which    is  the  actual 

portion  as  the  squares  of  the  numbers  accelerating  force  with  wliich  C  D  is 

1,2,3,4,  &c.,  then  the  motion  of  the  moved,  will  remain  unaltered.    ITius, 

l.ody,   CD,    is  uniformly  accelerated,  it  follows  that,  granting  the  proportion- 

and  otherwise  not.     -Treatise  I.)     In  a  ality  of  the  friction  to  the  pressure,  no 

series  of  veiy  accurately  conducted  ex-  change  should  be  produced  in  the  rate 

periraents,  instituted  by  the  late  Pro-  of  motion  of  C  D,  when  both  C  D  and 

fessor  Fi>ic^  of  Cambridge,  this  law  was  S  -are  doubled,  or  trebled,  or  increased 

found  to  txj  observed  witli  the  utmost  or  decreased  in  any  other  proportion, 
exactness.  [A  rigorous  mathematical  investiga- 

Hence  we  infer,  that  '*  friction  is  an  tion  of  this  may  be  satisfactory  to  some 

uniformly  retardms:  force."  readers.    Let  m  be  the  quantity  of  matter 

The  same  conclusion  miijht  be  esta-  in  C  D,  and  mf  that  in  S  ;  let  £•  be  the 

Wished  by  experiments  on  the  inclined  accelerating  force  of  gravity,  and  /  the 

plane.     If  the  plane  be  elevated  to  such  constant  ratio  of  the  friction  to  the  pres- 

an  height  as  to  cause  the  body  tt  de-  sure;  m' g  is  the  moving  force  which 

scend.  It  will  be  found  that  the  descent  draws  the  combined  masses  m  and  mf, 

IS   uniformly   accelerated.      Smce    the  Therefore,  the  accelerating  force  with 

force  down  the  mcUned  plane,  indepen-  v\hich  they  would  be  moved,  indepen- 
dent of  friction,  is  an  uniform  force,  it  m'^ 

follows,  upon  the  same    principle  as  dentlyoffriction,  would  be  ^•-^,  since 

before,  that  friction  must  be  an  uni-  .,  i      *•       r  i  ^     ^i 

formly  retarding  force.  ^^^   accelerating  force  ^s  equal  to  the 

(11.)  The  law  which  we  have  ex-  moving  force  divided  by  the  quantity  of 

plained  of  the  proportionality  of  the  matter.     But/ m  expresses  a  moving 

friction  to  tlie  pressure  under  given  cir-  ^^^S,^^  ?;t»^,^  '^  ,^^^^  *<^^^e  friction  of 

cumstances,  was  derived  from  veiy  ex-  ^  P  with  the  plane ;  and  as  this  force 

tensive  and  varied  experiments  instituted  "^^^  ^"  retardmg  the  combined  masses 

by  several  philosophers,  but  par\iculHrly  ^  »"^*  ''*'  ^^^  corresponding  retarding 

by  Coulomb  and  Ximfrtes ;  nor  was  it  f^r^e  is -^^  , .    The  actual   accelerat- 
ever  called   in  question   until  the  late  m-j-m 

Professor  Fince  of  Cambridge  renewed  mg  force  being  the  difference  between 

the  inquiry,  and  instituted  experiments,  ^^^-^  ^^^  ^,^^  ^^  i^  ^^{T- 

the  results  of  which  led  him  to  conclude  m  +  m 

that  this  law  does  not  obtain,  or  at  leiist        Tliis  being  put  under  the  form 
not  accurately.     We  shall  now  explain  _/"^ 

the  manner  m  which  Professor  Vince  '      ^   '^  ni 

conducted  the  experiments  from  which  —— 

he  deduced  results  differing  from  those  1-  I 

of  Coulomb.  ^' 

When  the  body,  C  D,  is  moved  along  it  is  evident  that  its  value  does  not  de- 

the  plane,   A  B,   by  the  eirect   of  the  pend  on  the  absolute  values  of  m  and 

weight,  S,  omitting  the  consideration  of  m\  but  only  on  their  ra/io;  and  that  so 

the  triction,  the  acceleratinir  force  with  long  as  that  ratio  remains  the  same,  the 

which  it  would  move  would  depend  on  accelerating    force    with    which   C  D 

the  proportion  of  the  weii^hts  of  C  D  moves  along  the  plane  will  remain  un- 

and  S.     It  follows,   therefore,  that  if  altered.] 

C  D  and  S  be  both  ircreased  in  the  If,  upon  experiment,  it  were  found 
same  proportion,  the  accelerating  force,  that,  by  increasing  the  weights  of  C  D 
independent  of  the  friction,  will  remain  and  S  in  the  same  proportion,  the  acce- 
unchanged.  If  the  friction  be  pro|:()r-  Icrating  force  with  wliich  C  D  is  moved 
tional  to  the  pressure,  it  will  be  in-  db^es  not  continue  the  same,  but  is  in- 
creased in  the  same  proportion  as  the  creased,  what  is  to  be  inferred  ?  That 
weight  of  C  D ;  but  then  the  weight  part  of  the  accelerating  force  which  is 
C  D,  which  it  retards,  is  proportionally  independent  of  the  friction,  depends 
increased,  and  therefore  the  degree  of  entirely  cu  the  \>YO^OTV\CiWQll\\v^>K^v^c\\ 
retardation  which  it  produces  must  be  of  CD  and  S,  «^  u^s  \j«fcw  ^-t^^A-^  «*-* 
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plained;  nml  tlion'fore  the  increase  of 
the  acceli'raiinfi:  force  with  which  C  D 
is  moved,  imi<.t  necos«iarily  procee<i  from 
a  decre<me.  in  the  retnrdinfi:  force  ansint? 
from  the  fiictioM.  But  again,  this  re- 
tardinir  forci*  depends  on  two  thinirs: 
l-st,  on  the  proportion  of  the  friction 
to  tht*  pn'ssiirc;  and  2J,  on  the  pro- 
]>oi1ion  (*f  the  weights  of  C  D  and 
S.  The  Isitlcr  remains  unjiltiMcd,  and 
thercfi)re  we  are  compelled  to  infer, 
that  the  former  must  lu*  iliininished  : 
that  is,  tliat  the  friction  doos  not  iniTease 
in  proportion  to  the  pressure,  but  in  a 
less  ratio. 

[To  ex])ress  this  nialhematically,  let 
the  acceleralinc:  force  with  which  C  D 
1^  actually  moved  be  C.  AVe  have 
then 


m 


m  m 

-,  +  \  ,  +  I 

m  w 

T.et  us  su]«|ose  that  \\\nm  '\v.v\v:\s\v.'j[^  m 
and  tn\  in  the  same  ratio  ( '  i-  ii:ri ia.>>ed. 

IT 

The  fu-st  ])jirt  tn  of  the  \jdue  of  C, 

evidently  remains  of  the  same  Nulue  as 

/// 

before.     Hence,  the  sihoiuI  i  art/-  — 

/// 

--  +  1 
m 

n:ust    uecessr.rily  be   diininislie<I.     But 
m 

the  factor  -    -        remains  the  same,  and 
;// 

tliciefore/nuist  I'e  diminished.  But/ 
expresses  the  rjitio  of  Ihe  friction  to  the 
jTcssure,  which  would,  thereft)Te,  under 
these  circimishmces,  be  diminisl-ed.] 

(12.)  Such  are  the  piinci]  les  upon 
which  PiolV"»'Jor  /Vw*/' four.ded  bis  ex- 
periments. He  toupd  that  when  he 
doubled  nnd  treble*!  the  weitrhis  of*('  I) 
and  S,  the  acceleratine  force  with  which 
(*  D  was  mo\ed,  was  continually  in- 
creased. Thus,  when  CD  wj'.s  lo  07., 
and  S  -  -1  ('7...  Ibe  s]  nee  moved  tb?(nj^h 
in  two  seconds,  w;»s  51  inches.  I'j^on 
making  C  I)  -  20  oz.,  and  S  =  S  ( z  , 
the  S])ace  describ.ed  iiv  two  seconds  w»s 
ft6  inches  ;  and  when  C  D  =  30  oz.,  ar.d 
8=12  oz.,  the  spnce  was  53  inches. 
Numerous  oMier  experiments  were 
made,  all yrothw'mix  similar  results. 
Professor  J'iuce  fiicrciorc  concludei\. 


'*  that  althoucfh  the  friction  tni 
with  the  increase  of  pressure,  yet  that  it 
increast»d  in  a  somewhat  less  propor* 
tion."  Thus,  when  the  pressure  wai 
doubled,  the  friction  was  not  quite  twice 
its  former  amount ;  also,  when  the  pres- 
sure was  trebled,  the  friction  was  less 
than  three  times  its  former  amount ;  and 
so  on. 

Ha  vine:  established  this  conclusion, 
at  variance  with  former  received  doc- 
tiines,  a  consequence  immediately  fol- 
lowed from  it,  also  inconsistent  with 
what  had  bei*n  considered  as  an  es'a- 
1  lishinl  property  of  friction.  We  have 
shewn,  that  if  the  friction  be  propor- 
tional to  the  pressure,  it  will  Ik*  inde- 
pendent of  the  masmitude  of  the  surface 
of  contJict,  and  that  rm  whatever  f:x»e  a 
bo<ly  is  placed,  the  fric'ion  will  be  thv 
same.  If,  howe\er,  according  to  the 
results  of  Professor  Vince^  the  friction 
increase  in  a  less  ])roportion  than  the 
])rcssure,  it  will  follow  that,  with  the 
same  pressure,  the  friction  will  increase 
when  the  surface  of  contact  is  in- 
creased. 

To  explain  this,  let  us  suppose,  as  in 
the  former  cm^e,  tbat  a  block  weisrhinij 
sixteen  ounces,  has  a  face  whoso  maj;- 
nitude  is  sixtet»n  scpiare  inches,  and  an 
eilire  whose  matrniiude  is  ecpial  to  one 
square  inch.  Wlien  the  block  is  placed 
uj)on  its  face,  there  will  be  a  pressure 
of  sixteen  ounces  upon  a  surface  of 
sixteen  square  inches;  let  the  whole 
friction  be  equal  to  eight  ounces. 
Hence,  on  each  squaie  inch  there  will 
be  a  pressure  of  one  ounce,  producing 
friction  equal  to  half  an  ounce.  Now 
Kiq>pose  the  block  to  be  placed  upon  its 
edge.  There  will  be  in  this  case  a  pres- 
sure ot  'sixteen  ounces  upon  a  surface 
of  one  ♦^cpiaie  inch.  The  pressure  of 
one  ounce  upon  a  squj'.re  inch  produc- 
ing a  fiiction  of  half  an  ounce,  and  the 
friction  increasii'g  in  a  less  pro])ortion 
Iban  the  pressure,  it  follows  tluit  aprrs- 
siue  of  sixteen  oinices  up<m  one  scjuare 
inch  will  produce  a  quantity  of  friction 
less  than  eight  ounces.  Hence  the 
fricticm,  wlivn  the  block  rests  upon  i's 
face,  is  greater  than  when  it  is  placinl 
a])on  its  edge.  In  the  same  way,  it 
follows  generally,  that,  under  the  iime 
pressure,  the  friction  is  increased  when 
the  surface  of  contact  is  incrensi'd. 

This  conclusion  Ivmg,  like  the  for- 
mer, contrp.iy  to  the  previously-received 
0}junons,  Professor  linct  submitted  it 
to  the  test  of  experiments  conducted 
v\pox\  VW  %a\\v«  \.T'\\\^vyW  aa  we  \iaxt 
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already  explained,  and  obtained  results 
from  numerous  trials,  which  fully  con- 
firmed the  consequence  he  had  deduced. 
He  found  that  the  motion  of  C  D  on  the 
plane,  produced  by  a  given  weight,  S, 
was  always  more  accelerated  as  the 
surface  of  contact  was  diminished,  the 
pressure  being  the  same  ;  from  whence 
it  followetl,  on  the  principles  already 
explained,  that  the  friction  was  dimi- 
nished. 

For  example,  a  body  was  taken, 
whose  face  was  to  its  edge  in  the  ratio  of 
22  to  9.  The  same  weight,  S,  which 
moved  it  through  33  i  inches  in  two 
seconds,  placed  upon  its  face,  moved  it 
through  47  inches  in  the  same  time, 
when  placed  upon  ils  edge. 

A^am,  when  the  face  was  to  the  edge 
as  32  to  3,  the  spaces  throngrh  which  it 
was  moved  in  two  seconds  were  32 
indies  and  37  i  inches.  N\imerous 
other  rrpcriments  were  instituted,  and 
»*1endwl  with  similar  results. 

(13.)  Most  of  the  experiments  by 
which  the  proportionality  of  the  friction 
to  the  pressure  had  been  established, 
were  conducted  on  a  ])rinci])le  difTerent 
from  that  adopted  by  Vince.  lu  these 
the  friction  was  rreiierally  measured  by 
the  force  necessary  to  put  the  body  C  f) 
in  motion,  being  placed  at  rest  upon 
the  horizontal  plane.  Vince,  however. 
makes  several  objections  to  this  method 
ofmeasurinj?  the  friction  In  the  first 
place,  he  objects,  that  ttie  force  neces- 
sary to  put  the  hf)dy  in  motion  must  be 
necessarily  greater  than  the  friction. 
TiiLs  objection,  in  strict  theory,  is  un- 
doubtedly valid,  but.  practically  consi- 
dered, will,  we  conceive,  be  found  to 
have  but  little  weiirht.  It  is  veiy  true 
that  the  force  which  is  ecpial  to  the 
friction,  is  that  weight  which  exactly 
keeps  the  friction  in  equilibrium,  and 
without  putting  the  body  in  motion, 
puts  it  in  a  state  in  which  the  smallest 
additional  force  imaginable  will  produce 
motion.  If  the  experiment  be  nicely 
executed,  therefore,  the  wei;j:ht  which  is 
foimdjust  to  prmliice  motion  will  ex- 
ceed tiie  friction  by  a  quantity  so  smwll 
as  to  produce  no  sensit)le  eiiect  on  the 
results  of  the  investigation. 

It  is  fri^ther  objected  by  Vince,  that 
the  force  which  opposes  the  motion  of 
the  body  from  a  state  of  rest  is  not 
friction  alone,  but  friction  and  cohesion 
conjointly,  the  latter  in  general  greatly 
predominating  over  the  former.  In 
confirmation  of  this,  he  instituted  several 
expenmentM,  by  which  iie  ])rovc<l  that 


the  force  necessaiy  to  put  a  hoily  in 
motion  was  much  gieater  than  the  force 
which  is  necessary  to  continue  that 
motion  uniform ;  assuming  that  the 
latter  must  he  the  true  measure  of  the 
friction. 

Tliat  the  resistance  which  a  body 
resting  upon  another  offers  to  a  force 
tending  to  put  it  in  m(»tion,  is  irreater 
than  the  friction  of  the  same  body  when 
moving  on  the  other,  is  a  fact  which  was 
distinctly  noticed,  and  very  accurately 
investigated  by  Coulomb,  But  this 
resistance  is  ascnhed  by  him  entirely 
to  friction,  and  accordinijly  one  of  the 

{mnciples  which  he  lays  down  as  esta- 
)lished  by  experiment  is  that  the  friction 
of  bodies  at  rest  is  greater  than  the 
friction  of  the  same  bodies  in  motion. 

Coulomb  found  that  this  iriction  of 
bodies  at  rest  (we  shall  call  it  friction 
for  the  present),  is  increased  to  a  cer- 
tain limit  with  the  duratioii  of  their 
contact.  Tliat  is  to  say,  v^hen  one  body 
rests  upon  another,  the  friction  of  thtir 
surfaces  increases  for  a  certain  length  of 
time,  until  it  reaches  its  gieatest  value; 
afier  this,  it  remains  consta-ut ;  and 
whatever  length  of  time  the  hodies  are 
permitted  to  rest  in  contact,  the  friction 
is  not  inci  eased.  The  length  of  time  in 
which  the  friction  reaches  its  inea^est 
amount  was  found  to  lie  different  in 
different  bodies.  \  hen  the  bodies  aie 
both  wood,  it  is  one  or  two  minutes ; 
when  they  are  both  metal,  it  is  so  short 
as  not  to  l)e  perceptible.  When  wood 
is  placed  upon  a  metallic  suiface,  the 
friction  continues  to  increase  for  several 
days. 

It  is,  therefore,  agreed  on  all  hands, 
that  the  resistance  o;  bodies  at  rest  is 
much  greater  than  the  friction  when  one 
body  mo\es  upon  another ;  and  the  only 
question  to  be  decided  is,  whether  this 
resistance  be  entirely  friction,  or  the 
mixed  effects  of  friction  and  cohesion  ; 
and  if  so,  what  j)roportion  the  cohesion 
bears  to  the  friction.  Professor  I'ince's 
rea^oning  on  these  points  appears  to  be 
far  iVoiu  conclusive.  He  giatuitously 
assumes  in  the  first  place  that  the  re- 
sistance of  bodies  at  rest  is  the  mixed 
effect  of  friction  and  cohesion.  Thus 
lar  we  should  be  inclined  to  go  with 
him  ;  l;ecause,  if  we  grant  the  existence 
of  such  a  force  as  cohesion,  we  can 
scarcely  deny  that  it  must  be  mixed  more 
or  less  with  friction  in  resisting  the  mo- 
tion of  the  one  body  upon  tU^»  o\Vv«.  \Vv\ 
then  anoWiet  diffiv:v\\\^'  ^lYv^sft^  x^v^wtNlxvv'^ 
the  vvsuUs  ol  T'ince*  onn^  tx\vv!x>»xvsoNJ^« 
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Does  the  mo*ion  of  one  body  upon  the  at  rest.    We  have  not  had  an  oppor- 

other  altoeretiier  destroy  the  cohesion  ?  t unity  of  instituting  experiments  on  this 

If  not,  why  should  the  resistance  of  principle,  but  are  strongly  disposed  to 

bodies  in  motion  be  entirely  ascril>ed  to  predict  that  in  most  cases  the  cohesion 

friction,  while  the  res'rstance  of  the  same  would  be  found  to  bear  a  very  small 

bodies  at  rest  is  ascribed  to  the  united  ratio  to  the  friction, 

effects  of  friction  and  cohesion  ?     We  Tliat  the   duration  of  the    contict 

shall  not,  hov;ever,  pursue    this  ob-  should  increase  the  friction  is  not  diffi- 

Jection.  cult  to  conceive,  inasmuch  as  the  effect 

P'ince  next  assumes  that  all  that  quan-  of  the  pressure  actinsc  for  a  certain  time 

fity  by  which  the  resistance  of  bodies  is  to  make  various  asperities  and   in- 

at'rest  exceeds  the  friction  of  the  same  equalities  of  the  surfaces  insert  them- 

bodies  when    movini^    one    upon   the  selves  amon^  each  other  more  effec- 

other,  is  the  effect  of  cohesion.     It   is  tually  than  they  could  if  one  siuface 

evident,  that  in  this  there  is  a  tacit  «as-  were'  moving  over  the  other.     We  may 

sumption  that  the  fi*iction  of  bodies  at  illustrate  this,  as  in  a  former  instance, 

rest  is  equal  to  the  triction  of  bodies  in  by  two  brushes   placed  one   upon  the 

motion ;    for  the    whole   resistance   of  other.     If  a  weight  be  placed  up>on  the 

bodies  at  rest  arises  from  the  sum  of  upper  brush,  the  {Mressure  will  cause  the 

the  effects  of  their  friction  and  cohesion  ;  hairs  of  the  one  to  insinuate  themselves 

and  he  assumes  that  if  from  this  sum  and  descend  between  the  hairs  of  the 

the  friction  in  motion  be  subtracted,  other.    This    process    will,    however, 

the  remainder  will  be  \he  friction  at  rest,  proceed  jijradually ;  and,  after  the  lapse 

If  the  proportion  of  tlie  parts  of  the  of  a  certain  interval,  will  cease.  Aeon- 
resistance  which  are  to  be  assiijne<l  to  sirlerable  force  will  then  be  requisite  to 
friction  and  cohesion  be  introduced  into  put  the  one  brush  in  motion  over  the 
the  investigation  at  all,  it  would  have  other ;  but  when  in  motion,  the  same 
been  desirable  that  experiments  should  pressure  \rill  fail  to  produce  so  great  an 
be  instituted  to  determine  this.  We  uitermixture  of  the  hairs,  since  in  no 
would  be  led  to  expect  trom  such  experi-  one  position  of  the  brushes  will  suffi- 
ments  a  very  different  result  from  that  cient  time  be  given  to  produce  so  great 
assumed  by  J'ince,  and  should  antiei-  an  effect.  These  effects,  if  minutely 
pate  that  in  most  cases  the  cohesion  examined,  will  be  found  to  have  the 
would  be  found  to  bear  a  ver)-  small  niost  exact  analoery  and  correspondence 
proportion  to  the  friction;  anil  that,  with  the  properties  of  friction,  as  de- 
iherefore,  the /nc/»'o/i  a/ re*/ would  still  termined  by  the  experiments  of  Cow- 
be  found  to  be  much  greater  than  the  hmb :  and  they  illustrate,  if  not  explain, 
friction  in  motion.  the  phenomenon  of  the  friction  at  reit 

The  quantity  of  cohesion  might,  we  beine:  greater  than  the/nWio«  tw  fwo/io»i. 
conceive,  be  thus  determined: — Let  a  The  experiments  ot  Coulomb  weit 
string  be  attached  to  the  body,  which  not,  however,  confined  to  the  investi- 
rests  upon  the  plane  at  a  point  imme-  jration  of  the  quantity  of  the  friction 
diatel^  over  its  centre  ot  gravity,  and  when  the  bodies  under  examination  are 
let  this  string  be  carried  in  a  vertical  put  in  motion  nom  a  state  of  rest.  He 
direction  over  a  fixed  pulley,  and  let  a  also  examined  the  friction  of  bodies  in 
weight  be  suspended  from  it  exactly  motion,  and  determined  that  friction  is 
equal  to  the  weight  of  the  body  which  an  uniformly  rcturding  force,  in  nearly 
rests  upon  tlie  plane.  This  weight  will  the  same  manner  as  Professor  T'inee, 
e<|uilibrate  with  that  of  the  body,  ;uid  He  also  examined,  in  different  sub- 
file force  with  which  the  body  will  then  stances,  the  proportion  between  tlie 
be  attached  to  the  plane  will' be  that  of  friction  at  rest  and  the  friction  in 
the  cohesion  alone^  Now,  let  small  motion,  and  found  that  this  proportion 
weights  or  fine  sand  be  added  to  the  is  different  with  different  bodies.  In 
weiij:ht  which  etjuilibrates  that  of  the  woods,  the /rir/io»  at  rest  he  found  to 
body,  until  the  body  be  just  lifted  from  amount  to  half  the  pressure,  while  tlie 
the  plane.  This  additional  weight  niiiy  friction  in  motion  only  amounts  to  an 
be  taken  as  the  measure  of  tlie  cohe-  eighth  of  it.  Between  wood  and  metal, 
sion ;  and  if  it  be  subtracted  from  the  ihe  friction  at  rest  was  found  to  be  one- 
weight  whieh  just  moves  the  body  upon  fifth  of  the  pressure,  and  the/riWfo«  in 
the  plane  actiui:  in  a  dii-ection  parallel  motion  ore-twelfth  of  it.  Between 
to  the  plane,  the  remainder  will  evi-  metals,  there  was  no  sensible  difference 
dvntly  be  flic  true  value  of  the  IVictiuu  observed  \^v:\\\c^w  U\^  two  frictions. 
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(f4.)  From  the  circumstance  of  fric-  of  the  surfaces  of  contact  is  increased, 

tion  bein^  an  uniformly  retardinjf  force,  However,    by   carrying  the    polish  of 

it  follows  that  it  is  inclependent  of  the  the  surface  too  far,  we  shiill  produce  a 

velocity,  for  it  is  found  to  continue  the  considerable  resistance  from  cohesion. 
same  while  the  velocity  is  continually        Friction  is  diminished  by  anointing 

increased.    In  this  result  all  the  expe-  the  surfaces  of  contact  with  some  unc- 

hments  agree  very  nearly.  tuous  substances,  as  tallow,  oil,  grease, 

(15.)  From  all  that  we  have  stated,  ^.   Cof//o7/i6  considers  that  the  greater 

the  reader  will  easily  perceive  that  much  the  consistency   of  the   ointment,   the 

still  remains  to  be  discovered  respecting  greater  will  be  the  r.dvantage.  Fresh  tal- 

the   nature  and  properties  of  friclion.  Tow  diminishes  the  tiiction  by  one-half. 

Tlie  expel  iments  of  CoiUomb  and  P'ince  ^  According  to  F<mY''«  result  s,  it  would 

seem  to  be  executed  with  equal  preci-  appear  that  friction   is  diminished  by 

sion,   and  governed  by  scientific  prin-  diminishins:  the  surface  of  contact.   But 

ciples  equally  just,  and  yet  we  find  them  even  admitting:  this  as  a  general  prin- 

differ  considerably  concerning  the  lead-  ciple,  it  has  an  obvious  limit  in  practice, 

ing  and  important  principle  of  the  pro-  for  if  the  one  surface  be  small  and  the 

portionality  of  the  friction  to  the  pres-  other  soft,  a  groove  will  be  ploughed  by 

sure.     Coulomb  IS,  however,  uniformly  one  surface  in  the  otlier,  and  tiius  the 

supported  in  his  results  by  the  experi-  friction  will  be  produced. 
mvnts  of  Ximenes  and  vaiious  others  ; 
vLmMlncCy  we  believe, stands  alone  in  his 

conclusions,  at  variance  with  these.  The  Chapter  III. — Of  the  Friction  of  one 
experiments  of  Ximenes  are  subject  to        /?^r/y  rolling  over  the  Surface  of  an- 
some  little  discordance  with  each  other,         other. 
and   wi^h  those  of  Coulomb,  owing  to 

his  not  havinir  noticed  the  circumstance  (17.)  When  one  body  rolls  upon  an- 
of  the  friction  at  rest  (le])ending  on  the  other,  it  is  veiy  obvious  that  friction  pro- 
tiuie  of  contact,  and  having  put  the  duces  much  less  resistance  to  the  mo- 
bodies  in  motion  without  having  waited  tion  than  when  it  slides,  as  described 
for  the  friction  to  reach  its  majimum.  in  the  last  Chapter.     In  this  case  the 

(16.)  Besides   the  results   which  we  parts  of  the  one  surface  are,  in  some 

have  mentioned,  there  are  other  parti-  degree,  successively  lifted  from  off  the 

culars  which  were  developed  in  the  ex-  other,  and  the  asperities  act  in  a  man- 

periments  of  Cof/ZwiiA,  which  it  may  not  ner  totally  different  Irom  the  case  of 

be  useless  to  state.  sliding,   already   considered.     One,   at 

Friction   varies  in   general  with  the  least,  of  the  bodies  must,  in  this  case, 

quality  of  the  surfaces:  in  new  wood  be  bounded  by  a  curved  surface,  and 

planed,  it  amoimts  to  half  tl'e,  ressure;  therefore  the  surface  of  contact  must 

m  metals,  to  one-fourth;  and  in  wood  necessarily  be  very  small,  which  is  an- 

and  metals,  to  one-fifth.  other  cause  of  the  diminution  of  the 

As  the  surfaces  are  worn  by  attrition,  friction.     If  the  rolling  body  be  cyHn- 

the  friction  is  generally  diminished ;  but  drical,  the  p(  ints  of  contact  of  the  siur- 

this  has  a  limit,  and  the  friction  soon  faces  will  form  a  straight  line  upon  the 

reaches  its  minimum.     In  woods,  from  surface  oi  the  cylinder,  the  surface  on 

being  half  the  pressure,  it  is  reduced  which  the  cylinder  rolls  l>eing  either 

by  attrition  to  a  third.  that  of  another  cylinder  having  its  axis 

Between   woods  the  friction  is  less  parallel  to  that  of  the  former,  or  a  plane, 

when  the  grains  cross  each  other  than  But  if  the  rolling  body  be  a  sphere,  a 

when  they  are  placed  in  the  same  direc-  spheroid,  or  any  similar  shape,  the  sur- 

tion.     It  is,  in  the  former  case,  one-  face   of  contact  will  be  reduced  to  a 

fourth  of  the  pressure  ;  and,  in  the  lal-  single  po  nt. 
ter,  half  the  pressure.  To   explain  the  manner  of  inves- 

In  general,  friction  is  greater  between  tigating  experimentally  the  properties 
surfaces  of  the  same  kind  than  between  ot  this  species  of  friction,  let  us  sup- 
surfaces  of  ditferent  kinds.  pose  two  perfectly  plane  tables,   A  a. 

While  the  attrition  continues  to  dimi-  C  D,  (fg.  3,)  placed  exactly  in  the  same 

nish  the  friction  it  is  no?  an  uniformly  horizontal  plane.     On  these  let  acylin- 

retarding  force,    and,   therefore,    until  der,  EF,  be  placed  with  its  axis  at  right 

this  effect  ceases  it  will  not  be  found  angles  to  their  length.     At  the  middle 

to  l>e  indejiendent  of  the  velocity.  ot  the  inters' »\  \>ftVvjeci\  W\^  \«Jc};^^,\fe\.  ^ 

FrJrtioB  d//w//ji.syies  ai* //le  smoolhne.ss  flexible  slriw^  \^e  '^^s^^   «jcc^%%  '^ka 
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cylinder,  hsvine  dishi-s  of  eitaclly  eijiial 
weight  suspemiwl  at  its  i-xlninilu's.  By 
placinf;  equal  iveights  in  lliese  dislies, 
any  required  pressure  nuiy  l:e  inxuliieed 
upon  In?  (able.  If,  Di/ii,  fine  sand  Iw 
poured  into  eiilier  sciile  until  ils  pru- 
pondemnce  jus'  pives  motion  to  tlie 
cylinder,  this  adiliHoniiI  weight  will  l« 
equal  to  the  frii-lion. 

In  tliis  way  tlie  dinmeti'i-  and  malerinl 
of  the  cylinder,  as  well  us  the  piesKine 
it  exerts  a^^inst  (he  plune,  niny  \ie 
varied  at  pleasure.  In  making  experi- 
ments, it  would  be  useful,  in  eafli  trial, 
to  pour  the  sand  siuxtssively  in  each 
scale,  so  ns  just  tu  make  the  cylinder 
move  in  each  direction.  It  the  weiKhls 
which  produce  the  nioiiun  differ  l)y  a 
small  quautily,  n  mean  lielween  maybe 
taken  to  represent  the  fiiction. 

(18.)  The  results  (if  uumerous  expe- 
riments  instituted  in  iliis  way  by  Cou- 
lomb were  as  foDoiv  ; — 

1.  With  the  sHnie  cylinder  Ihe  fiic- 
tion is  j>r6por1ioiiHl  lu  (be  pressure. 

2.  With  cjUndrrs.if  Ihe  same  sub- 
stance, haviTiK  ditletetit  diameters,  but 
equal  pre>snres,  the  trict ion  is  inversely 
as  the  diametfrs. 

3.  With  cylindeis  of  the  Kame  sub- 
stance, difleiinfc  both  in  diameter  and 
pressure,  the  fiiction  is  directly  as  the 
{-ressures,  and  inversely  as  the  diame- 
ters; or  in  u  ratio  t'onipuunded  of  the 
direct  ratio  of  the  pressures  and  the  in- 
verse ratio  of  the  dinmeleift. 

To  explain  the  lH»t  \\\o  results  to 
those  who  are  not  tonveisiint  with  ma- 
thematical phia<,i-oliffiy ; — Suppose  that 
two  cylinders,  one  of  two  and  the  other 
of  five  inches  diameter,  exerted  equal 

S pressures  on  Ihe  tables,  it  would  be 
bund  that  the  tViction  ol  the  two-inch 
cylinder  would  be  >rrealer  than  that  of 
ifie  five-inch  ci  liiider,  in  the  |.i  nport ion 
ofAifrolno.' 
AffHw,    '■iii'iiose    that   the   two-inch 


cylinder  exerts  a  pr^sure  of  three 
pounds,  and  the  five-inch  cylinder  i 
)iiessure  of  seven  pounds, — it  will  bt 
found  that  the  fiiction  of  the  two-inth 
cylinder  will  be  to  that  of  the  five-inch 
cylinder  in  Ihe  proportion  of  the  pro- 
duce of  five  and  three  to  the  i>roducl  ol 
two  and  seven,  or  as  fifteen  to  fourteen. 

It  was  found  that  pausing  the  sur- 
faces does  not  at  all  duiiiniiih  this  spe- 
cies of  friction. 

When  a  cjiinderofmahoiranv,  whose 
diameter  was  about  three  ii.cfies,  was 
rolled  upon  a  plane  of  oak,  the  friction 
was  about  one-sixteenth  of  the  pres- 
sure; and  when  it  rolled  u)kiii  a  plane  - 
of  elm,  the  fiiction  was  oiilj  one  hun- 
tlredlh  of  the  pressure. 

It  is  evident,  therefoie,  that  lietween 
Ihe  seme  substances  this  >pecics  uf 
friction  isniuthlessihunlhatof  slidinf;. 

Ttie  strin-r  used  in  these  experimetdi 
should  be  so  flexible,  lh)<t  its  risiditr  or 
stifiiies^s  shi.ll  |ii(n!ute  no  sensiCle  efett 
upon  the  rcsull>>. 


Ckapteb  l\'.—()n  Ihe  Friction  ii/  i.iw 
Stirfare  ret-nhiti^  in  rimtart uilh an- 
othfr,  leil/tvul  mlling. 

(I'J.)    If   a   body,    having    any  round 
fitrure,  be  muUc  to  ie\ohe  while    " 
messed  with  hi]\ 
face,  and  at  the' 
from  loUint:  along  tl 
of  flic 


ent  f 


sideied.  This  speti 
lo  paitake  of  the 
those  which  we  \\:>\ 
last  two  C'ha)  teis. 
the  siufnce!.  «/«/-•  c 
and  HH  in  ihe  iHI.et, 
tiict  is  iiriluced  lo 
ini^ly  find  ihe  degii 
wiiiiw  mvciAm  dxuttw 


iguinnt  any  sur- 

ine  is  prevented 

that  surface^  a  spe- 

'*  produced  difler- 

■         yet  con- 


es of  Oictio 
nature  of  eatli  of 
«  consideted  in  Ihe 
Alt  in  (lie  formpr, 
lie  over  the  othw 
tliesuriace  of  con- 
line;  we  Bccoid- 
ol  this  fiiction. 
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i  place  between  the  other 
two,  tieing;  le«s  than  the  /rietion  of 
tiiding,  and  greater  Ihiin  the/ricUon't/ 

To  explun  this  friction,  and  the  ex- 

r'lmentn  by  which  its  properties  may 
determined,  let  lis  suppose  a  solici 
cylinilncal  axis,  AM.  ijig.  i,)  inserted  in 
an  hollow  t.7-HiuiiT.  ol'  a  diameter,  C  B, 
■•umi-wha)  icntater  than  A  B,  so  as  to 
[jcitirit  the  imltow  cylinder,  H  0,l0  turn 
loiiwl  it.  A  B.     lit  th;  ejlinders  be 
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(iliiced  with  their  axes  horizontal,  and 
Itt  the  hollow  cvlinilLT  be  the  centre  or 
Imix  of  n  whetrl.'  D  E.  Ut  an  extremely 
lli'xihle  string  be  passed  over  the  edire 
Ml  this  wheel,  in  a  trrovo  formed  to  re 
i»'ivt>  it.  and  let  scales,  G  H,  l>e  uppend- 
ik\  In  lis  extremities.  In  con^eijuenoe 
of  the  form  of  the  axle  and  hollow  cv- 
lindcr,  and  the  manner  in  which  the 
weiirht  of  the  wheel  acts,  the  points  of 
conlai^t  of  the  axle  and  the  cylinder  will 
he  in  a  slmishl  line,  formed  by  the  in- 
lei's^.-ction  of  a  vertical  plane  passing 
tlirnu^  the  axis  of  Ihe  cylindtrr,  wiih 
■he  surface  of  the  cyliiider.  In  fact,  ir 
from  the  point  of  contact,  B,  a  line  hi 
conceived  to  be  drawn  perpendicular  lo 
llie  plane  of  the  paper,  aloni;  the  inner 
surface  ot  the  cyhnder,  the  axle  and  the 
cylinder  will  touch  in  that  line,  and  in 
no  other  poinrs.  It  appears,  therefore, 
that  it'  Ihe  hollow  cylinder  be  supposed 
to  revolve  round  the  axle,  as  happens 
in  a  carriaKe  wheel,  evety  part  of  the 
surface  of  the  hollow  cylmder  is  suc- 
ei^ssively  exposed  to  the  effect  nf  fric- 
lion;  while  no  part  of  the  axle  sulfers 
thia  effect,  uxctspt  the  side  which  passes 
thmagh  'JtepomI,  B,  afita  sei.-liun.    If, 


on  the  contrary,  as  sometimes  happen*, 
the  axle  rerolve  within  the  cylinder,  Ihe 
opposite  effects  are  produced.  The 
entire  surface  of  the  axle  is  successively 
enposed  to  the  effecls  of  friction,  while 
these  effects  are  confined  to  one  lina 
upon  the  surface  of  the  hollov  cylinder. 
-  By  loading  the  dishes  G  H  with  any 
equal  weiithta,  the  axle  may  be  submit- 
ted lo  any  proposnl  pressure.  If,  wheD 
they  are  equally  loaded,  some  fine  sand 
be  poured  into  one  of  the  dishes  until  its 
weight  just  gives  motion  to  the  wheel. 
the  weight  ol  the  sand  will  be  sufficient 
to  determine  the  quanlilj  of  friction. 

The  preponderating  weight  is  not, 
however,  in  this  case,  the  immediate 
measure  of  Ihe  friction.  It  is  to  be  con- 
sidered that  the  wheel  is  turned  round 
its  centre,  I ;  that  the  friction  which 
resists  (his  motion  acts  al  B,  and  there- 
fore wilh  the  leverage  B  I ;  while  the 
preponderating  weight  wluch  overconi«s 
the  friction  acts  with  Ihe  leveraee  E  I, 
I.et  the  frielion  be  F,  and  Ihe  prepoti- 
derating  weiirfit  be  W  ;  then,  by  the 
established  properties  of  the  lever,  we 

F  :  W  ; :  E I  :  111 

.-.  F=  W^L 
B  I  . 
that  is,  the  hnction  is  equal  to  Ihe  addi- 
tional weight  which  produces  the  mo- 
tiim,  muliiplied  by  the  radius  of  the 
wheel,  and  divided  by  the  radius  of  the 
hollow  cylinder  which  plays  upon  Ihe 

Thus,  it  appears  thai  the  friction  is 


wheel  to  the  radius  of  the  cylinder. 

As  in  the  experiments  To  determine 
Wxc.  friction  of  riilling,  so  here  also  each 
evperiment  shoulil  be  tried  in  both 
dishes,  and  the  mean  of  Ihe  results 
tab'n. 

To  determine  «helher  the  friction  be 
an  imiformly  retai-ding  force,  a  weiitht 
nmst  be  plac^.^^  in  one  of  the  dishes 
grealer  than  that  which  is  necessary  to 
overcome  the  friction.  This  will  cause 
the  dish  to  descend  with  an  accelerated 
motion,  and  by  placing  a  graduated 
vertical  scale  near  it,  <he  rate  of  its  ac- 
celeration may  l)e  asceilained.  If  it  be 
found  that  the  spacer  llirough  which  it 
descends,  in  one,  two,  or  three  seconds. 
Sec.  are  as  the  numbers  I,  4,  9,  &c. ;  in 
other  words,  \i  the  spaces  be  wt  thft 
squares  ot  \Vv«\,\ineB.  ««  mcftMWi'wt'omv 
formly  auce\eT«ltd.  ■H«vwe'*.TOw»^ift\«^ 
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ferred,  that  the  friction  is  an  uniformly 
retarding  force,  on  exactly  the  same 
principles  as  have  already  been  fully 
developed  in  (9)  and  (10). 

The  string:  used  in  these  experiments, 
like  those  described  in  the  last  Chapter, 
should  be  so  flexible  as  that  its  stiffness 
sludl  produce  no  sensible  effect  on  the 
results. 

(20.)  By  a  sferies  of  experiments  con- 
ducted as  we  have  described,  Coulomb 
found  that,  like  the  other  modifications 
of  friction,  the  law  of  the  proportionality 
of  the  friction  to  the  pressiu-e  obtained, 
also»in  this  case;  subject  however  to  the 
exception  l)efore  mentioned,  that  in 
very  great  pressures  the  friction  is 
somewhat  less  in  proportion. 

lie  also  found,  that,  as  in  tho/rirtion 
of  sliding,  great  advantage  was  gained 
by  fijeasmg  the  surfaces.  In  jreneral, 
fresh  tallow  diminishes  the  friction  by 
one-half.  It  increases  as  the  ejease  is 
wasted  away.  This  effect  is,  however, 
more  slow  than  in  the  fhclion  of  sliding. 

This  species  of  friction  is  also  an 
uniformly  retarding  force,  and  is  there- 
fore independent  of  the  \  elocity. 

Like  the  other  species  of  friction,  the 
quantity  of  this  depends  on  the  quahty 
of  the  surfaces.  If  iron  revolve  in  con- 
tact with  brass,  the  friction  is  one- 
seventh  of  the  prcssuie.  When  both 
surfaces  are  wood,  tin*  friction  is  one- 
twelfth  of  the  pressure. 

In  general,  the  same  observations 
which  were  madv*  respecting  the  friction 
of  sliding,  will  also  apply  to  the  species 
of  friction  which  we  nave  considered  in 
tliis  Chapter. 

(21 .)  The  friction  of  bodies  turning  on 
pivots  seems  to  come  within  the  species 
we  are  now  considering.  This  was  also 
examined  by  Coulomb,  and  a  memoir 
on  the  subject  was  j)ublished  by  him  in 
the  Memoirs  of  the  French  Academy  in 
1790.  A  very  succinct  and  clear  ac- 
count of  this  is  given  by  Dr.  Grpgory  in 
the  second  volume  of  his  Mechanicjf, 
from  which  we  extract  the  following 
particulars : — 

**  Bodies  which  are  made  to  turn  upon 
pivots  are  usually  suspended  by  means 
of  a  cheek,  socket,  or  collar,  of  very 
nard  matter.  The  collar  has  its  cavity 
of  a  conic  form,  and  terminated  at  its 
summit  by  a  little  concave  segment, 
whose  radius  ol'curNature  is  very  small. 
The  point  of  the  jMvot  which  is  sustain- 
ed by  this  collar  Ibrms  at  its  summit  a 
little  convex  surface,  whose  rairlius  of 
curvature  should  be  still  smaller  than 


that  of  the  extremity  of  the  cheek.  Ex- 
perience evinces  that  the  curvature  of 
the  bottom  of  the  socket  is  irregular, 
and  that  the  friction  of  a  collar  of  agate 
on  which  a  pivot  turns,  is  freauently 
five  or  six  times  more  considerable  thin 
the  momentum  of  friction  of  a  well- 
polished  plane  of  agate  on  which  the 
same  pivot  turns. 

**  These  considerations  induced  M. 
Coulomb  to  employ  in  the  course  of  his 
experiments,  not  a  cheek  or  a  socket, 
but  a  well-polished  plane,  to  support 
the  body  on  the  point  of  a  pivot.  To 
prevent  the  body  from  sliding,  he  took 
care  that  its  centre  of  gravity  should  be 
very  low,  with  respect  to  tHe  point  of 
sus|)ension :  he  then  made  the  body  to 
whirl  or  spin  about  its  pivot,  by  im- 
pressing upon  it  a  rotatory  motion.  By 
means  of  a  seconds  watch,  he  observed 
exactly  the  time  employed  by  the  body 
in  ma  fang  the  first  four  or  five  turns, 
and  he  tlience  deduced  easily  a  mean 
turn  to  determine  the  primitive  velocit)' 
after  this  he  counted  the  number  of 
turns  which  the  body  made  before  it 
s!op|)ed. 

'*  C-oulomb  took  a  glass  bell  of  48  lines 
in  diameter  and  60  hues  in  height,  which 
\vci*rhed  5  ounces.  He  placed  it  on  the 
jioint  of  a  pivot ;  and  after  giving  it 
successive  degrees  of  velocitj*  about  that 
pisot,  heobsened  very  exacily  the  time 
that  it  emploved  to  make  the  first  turn, 
which  j^ve  lum  for  the  mean  velocity 
that  which  answered  to  the  half  of  sucli 
first  turn.  He  then  estimated  the  num- 
ber of  turns  made  by  the  bell  before  it 
stopped  :  the  results  were  as  below — 

••  Ia/  Trial.  Tlie  bell  made  one  turn  in 
4",  and  came  to  rest  after  34,^5  turns. 

*•  '2d  Trial.  The  bell  made  one  turn  in 
6:^",  and  stopped  after  U-jV  turns. 

"  3(1  Trial.  The!  ell  made  one  turn  in 
1 1",  and  stopped  after  4/rr  turns. 

[**  Now  if  b  denote  the  primitive 
velocity,  X  the  space  descril^ed  between 
the  commencement  and  the  end  of  the 
motion,  A  the  constant  momentum  of  the 

retarding  ioi  ce  :J  —  the  sum  of  the  pro- 
ducts of  every  paHicle  ^.  by  the  square 
of  its  distance  r  from  the  axis  of  rota- 
tion, divided  bv  th.e  quantity  a,  measuring 
the  distance  from  the  axis  of  rotation 
to  the  point  whose  primitive  velocity  is 
A,  it  is  easy  to  find  the  following  analy- 
tical expression  for  the  constant  mo- 
T\en\v\m  oC  VV\«  vxr  rctardatrix,  vii. 
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_  6*      ^  or  the  velocity  due  to  the  half  of  each  first 

^  ~  2x "^"flT*  revolution,  will,  therefore,  be  measured 

••  But.  because  in  the  three  preceding  ^V  the  circumference  ron  over.    The 

trials/the  Slime  beU  was  employed,  thl  'P'f*  desfj^bed  up  to  the  end  of  the 

^"              r    ^^  f  motion,  will  be  measured  by  the  num- 

quantity  /—   \s  the  same :  —  must  ber  of  turns  nm  through  from  the  in- 

"                             ^  stant  whure  the  mean  velocity  was  de- 

therefore  be  a  constant  quantity  if  A  be  tennined  until  the  end  of  the  motion. 

constant,  and  reciprocally.    But  in  each  Thus  by  computing  from  the  data  fiu*- 

trial  there  was  reckoned  the  time  em-  nished  by  tlie  three  trials,  we  may  form 

ployed  by  the  ajipar.jtus  in  performing  the  following  table : — 

mn  entire  revolution.  The  mean  velocity, 

b* 
'•  U/  Trial.    1  turn  in  4",  stops  at  34-^  turns,  whence  results  —=^ 

2dTHiil,      .     .    .    6:^"  .     .    .     14^5 ^-ghf 

3d  Trial.      .     .     .  11"     .     .     .      4y«y =,^^ 

"This  experiment,  then,  shows  une-  agate,  rock  crysta.,  glass, and  tempeied 

n    *u«4  *u^       «♦;♦.*      «  J  steel  respectively,  was  tried;   and  Uie 

quivocally  that  the  quantity  -.  and  ^^^j^^  ^^^.^^  in  eacl^  experiment  the 

consequently  the  quantity  A  v^•hich  ex-  ^.,     represented  by    —(a 

presses  the  momentum  of  tnction,  are  ^        ^      *^                  -^     x 

constant  Quantities,   whatever  be  the  quantity  which  was   always  found   to 

primitive  degree  of  velocity  ;   and  that,  vary  between  very  narrow  limits),  gave 

wmseciuently,  the  velocity  has  not  any  the  momentum  of  tnction  of  the  point 

in 

function  of  the  pressure.  ,jy  :  so  that  the  momentum  of  friction 

•*  AY  hen  this  experiment  is  made  in  a  of  the  plane  of  granite  being  represented 

vacuum,  a  much  less  heavy  body  may  by  unity,  we  shall  liave  for  the  momen- 

be  employed,  and  of  any  form  whatever,  tum  of  the  friction  of  rotation  relative 

and  the  same  result  will  l)e  obtained.  to  the  other  substances  as  below : — fric- 

••  In  otlier  expel inients.Coulomb  bent  tion  ol  irranite,  1  ;  of  agate,  r2l4  ;  of 

a  brass  wire  of  9  inches  in  length ;  the  rock  crystal,  1-313  ;  of  glass,  1-777  ;  of 

parallel  branches  were  24  lines  distant  steel,  2''2i»7. 

from  one  another :  the  part  of  the  wire  •»  Coulomb  likewise  employed  himself 

curved  in  tlie  form  of  a  semicircle  w  hich  during  these  experiments,  in  determin- 

joined  the  two  branches  was  about  3  hig  tlie  more  or  less  acute  torm  which 

inches  long;  and  tlie  two  vertical  and  should  le  given  to  the  points  of  the 

parallel    branches  were    also    each  3  pivots.    To  this  end  he  caused  to  be 

inches  lomr.    To  the  extremity  of  each  successively    rounded    into    cones    of 

vertical  branch  was  attached  by  means  greater  or  less  acuteness,  the  extremity 

of  wax  a  piece  of  metal,  and  there  was  of  a  steel  needle,  that  it  might  thence 

fixed,  in  like  manner,  in  the  middle  of  appear  whether  the  change  of  figure 

the  concave  part  of  the  wire,  to  serve  had  any  iniiuence  upon   the  friction, 

for  the  cheek  or  bush,  a  small  well-  Thus  he  found  that,   under  a  certain 

polished  plane  of  different  substances  charge,  the  point  of  the  pivot  being 

on  which  the  finct ion  of  the  point  of  the  shaped  to   45  degrees,    the    quantity 

pivot  was   to  be  determined:    finally,  ^i 

there  was  fixed  to  the  summit  of  a  sup-  —  avus,  for  granite,  a/ao  ;  agate,  n'ftB  ; 

port  a  little  needle  of  tempered  steel,  ^                   4^.«^^«^  cf^al      k. 

Snd  whose  point  it  «.s  n'ecessjuy  to  «'"f  ^  ;;ji>bZ"?ave t' ftunt  a 

i«.der  more  or  les*  tfne.  rounded,  or  ^^^^^^^  l^^  ,^t,,at  the  aV  of 

obtuse,  according  to  the  uatiue  of  the  ^^^e  ac               •     j,,^,^  ■^  ^.„„{|  ..^j 

cheeks  and  to  the  pressure  which  they  ^^^^                                         ^^^  ^ 

were  to  experience     The  exireimty  of  ^^^^^^^^  ^,„i„i      theSami  charne 

the  needle  first  used  by  Coulomb,  ap-  ^°."'^;„„,,.  „,  l^f„r|.  ,hat  Uie  quantity 

peared.   when  examined   by  a  micro-  "'  v""'""^                               ■»         ' 

scope,  to  form  a  conic  angle  of  1 8  or  '^0  jL  was.  tor  agate,  ati ;  glass,  ,  (■  ;  tern* 

degrees.     The  friction  of  this  needle  x 

aKainst  well-poJJshed  pkmea  of  gianit*  pered  steel,  i\(. 
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"  l!onipariii^  from  Ihesi*,  unil  olliw    to  deli 


FX))rrim«nts,  the  nionientiim 
of  roliilion  of  'he  poini  of  clitfL-rent 
jiivotb  r^'ninsl  a  pl.iiie  of  Aiiulv.  Uv  f»ur^ 
Ihiit  the quantily— wluth  varkaax  that 

momentuin,  WH»,f<ira)'ivut  of -1 3'.  .i^n; 
a  ')ivot  of  13°,  ,Jtii ;  a  pivot  of  k',  ,it.] 

'"  After  Ihift,  Coulomb  varied  thu 
chareL'  hi  hia  cxperimftits,  and  deter- 
niuied  the  relative  miimentum  of  li'io- 
lion  of  luvDtH  under  different  pressures. 
Hut  williout  eioiiis  furtlier  into  detaii, 
we  may  ^ive  the  followioK  as  the  prin- 
ei]ial  deductions  from  the  whole. 

'•  I.  Tliat  the  fiielion  of  pivots  is  inde- 
pendent of  Ihe  velocities,  oeing  merely 
as  a  funt^ion  of  the  pressure. 

"  i.  Tliat  Ihe  friction  of  granite  is  less 
than  tniit  of  irliis* 

"3.  TliatllieHiiure  ofthe  point  of  llie 
[UTOt,  ax  to  auuteness,  att'ecls  tlie  <iuan- 
lity  of  friction:  in  such  manner  that  when 
we  ciuse  to  whirl,  npon  tlie  iioinl  ofa 
neetUe,  a1>ndy  weij;hiui,''morethiin  5orG 
drachmR,  Ihe  most  advantiiei'ous  an^'.e 
for  that  point  appeared  to  lie  from  3(i' 


e  the  effects  of  the  rtifflien 


of  the  cordaircwilh  which  we  work. 

Aitlionjth  the  theory  of  the  ricidity  of 
cordage  is  mueh  more  Mliafactoty  and 
more  conformable  tu  experiment  thin 
■ny  which  lias  yt't  bt-n  invented  re- 
{.pedins;  friction,  yet  it  is  more  diffiirull 
to  expl.iin  tl  in  a.  Himple  and  populu 
manner.  Ttie  stitFness  of  a  rope  de- 
pends on  the  elements  by  which  it  ii 
deleniibed  in  a  manner  which  is  very 
easily  explained  to  one  that  i*  familiir 
with  Ihe  eiemenls  of  nl^hra,  but  ex- 
tremely difficult  to  express  in  ordinaiy 
laniruiiire. 

To  explain  the  manner  in  which  the 

risidily  of  ii  rope  obstructs  the  actiun 

of  a  niaeliine,  let  thi'  ei|ual  weiglits  A.  B. 

.  jlir.  a, )  be  supposed  to  be  coniiected  by 

Fig.  5. 


to-1 


^  Ihe  HI 


miKht  be  »ioin^%sivelydiminished,\vi!h- 
out  the  friction  beinij  percejilibly  hiiii- 
menled:  ii  may  even  witiiou!  Kiuat  in- 
convenience be  reduce!  to  lu"  i>r  IJ' 
wilh  ^od  sleel,  when  the  i-liai-Ke  doi's 
not  exceed  luo  pirains, — an  inipoiimii 
consideration  in  the  sus]>eti>.ion  of  liiclit 
bodies  ujion  checks  or  sockfi".. 

"  Tliese  rules  nuiy  Ih-  iiwiul  to  Ihe 
makers  of  cln-onomeieis." 

iiropi',  ACnlt.  pasMne  over  a  fixed  pul- 

1<-V,  O.     Bv  adding  a  small  wvieht  1o  A. 

Chapter  \.—()n  ///-■  iugidilii  <■/         the  iilieel  will  lie  turned  in  the  'direc'ion 

('•mla^i:  DKC.   Tliiil  piiH  of  the  rope  which  liM 

been  npi»licd   to  tlie  scmicirrle,  DKl'. 

(23.)  In  consiilerintc  ihe  elfects  of  cor-     will,  by  reason  of  its  ri^dity,  have  ■ 

duKein  our  second  treatise,  we  assumed     tL-ndeney  to  retain  Ihe  semicircularfonn, 

that  it  possessal  (HTiecl  lle.\iliilily.     In     and  to  resist  any  ettbil  to  disturb  tliiit 

cases  wliere  e\)ierimentH  are  inslitiited     forni.     1m\  us  s'u)i]iose  that  it  acluatly 

mall  scale,  with  liglil  weights  and    retains  that  fomi  durint; «  small  n     ' 


moderate  tensions,  fine  silken  threads, 
or  even  thin  packthreadi  may 
wiihoiit  any  consideration  of  Iheit 


of  the  wheel.  The  port  DUK  of  \\v 
rope  will  then  cuntiinie  to  be  applied  In 
tliewlK^'l,  but  the  {Hmils  C  and  D  will 


dity,  because  in  tlicse  cases  the  fle)>ilii-  Iw  moved  to  the  )iO! 
lily  is  so  UTViit  that  no  sensible  etlecl  is  tlic  same  reason  that  the  part  DCK  of 
pnidiiceil  liy  stilfiiess.  But  in  most  the  ro|ie  endeavours  lo  retain  its  semi- 
cases  nhicli  occur  in  actual  praclice,  eimilitr  form,  the  ])nrts  DH  and  ('A 
where  ipeat  resistances  are  tot>e  over-  will  endeavour  to  retain  Iheir  rectilinear 
coinc,  or  cunsideraljle  wtnghts  to  be  form,  and  also  t/u-ir  tHmitiim  uith  re- 
elevatul,  ropcsareuHi'dwboselhickness  xjifcl  tu  the  part  DL'K.  Let  us  also 
and  strenKtfi  necessarilv  priHluce  ennsi-  suppose  that  during  the  small  motion 
dernlile  rii;idity :  and  it' we  would  know  already  mentioned,  they  actually  do 
Ihf  (T»J  and  praclieal  powtT  of  Ihe  ma-  maintiiin  both  their  fi^re  and  relative 
cliiiics  ire  (ise,  ■(  is  nfcessarv  to  be  able  vo^)*^>^n.  nwi  V\vhX..  urnvKt^wtitly^  at  the 
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end  of  the  mollnn  thcfopr  ami  nciclils 
•re  in  the  t>OHition  A'C'D'B',  ivhiih 
wouU),  in  I'uct,  In:  the  case  if  the  ra\ie 
Htm  jifrfeirtl^  fiifi'i,  &nJ  the  trictiun 
with  the  uheel  siilficwiit  to  prevent  it 
&nm  slidiiu:  in  llu!  jjTiwve.  In  this 
position  thii  wtriKht  tuMed  to  A,  in*itead 
of  actin>:  A^itin^it  H  with  an  eiiual  Ic- 
vKrao"  CU,  would  act  with  the  dimi' 
nished  levci-itsu  EO  n^raitiHt  B  resisting 
with  the  increased  levcrsit^  FC),  (the 
lines  X'H  tini\  B'P  beini;  drawn  pvnwn- 
diciiliirtu  CDanditsiWiKhielbn.)  Tims 
it  ajiiijiu-s  Ih.il  if  tliermwwi'iv;«*i/rt'//y 
rigid,  ally  iimver  which  nuiilil  umii- 
luence  tii  lum  the  wh(.vl  uoiild  wry 
MHin  lirii)i;  thu  afipiinitus  into  siH'h  a 
position,  tlw  opposing  weight  or  re- 
ni^tance  ■'aininsc  levenu;i-,  wliilc  on  the 
other  hrtiwt  the  moving  jhwit  woidd  lie 
liisini;  its  k-ver,)L:i.'.  that  the  marhiiie 
would  come  to  equililniuin,  and  no  fur- 
ther motion  ivoulU  ensue. 

Now  let  us  suppose,  what  istienerally 
the  ca"*,  that  the  rope,  without  IwinK; 
absolutely  and  pcrfecily  rit^,  has  a 
certain  decree  of  stitfhess.  Tvrs{,  sup- 
[josit  tlie  apiiiiratus  to  assume  the  jHwi- 
tiun  r^ircsenled  in  the  last  figure.  The 
wt>ii;hts  A'  and  B',  aclitiK  upon  the  par 
tially  Aexilile  ropes  A'C'U  and  B  D  . 
will  ev' lently  bend  Ihein  mlo  euries 
suth  B9  represented  inyf,^.  S.     Kroiii  A' 


and  B',  M  before,  draw  the  piTjiendicu- 
Un  A'E  and  B'F.  and  it  is  olivioiis  that 
the  increase  of  «-eii;ht  civen  to  A' works 
with  a  diminishe<l  levcrjiip.-  EO,  while 
the  unallere<l  weiuht  B'  nfi'ivcs  an  in- 
creased Icverai-B  PO.  If  the  weiirhl 
which  wadded  to  A'  multipliiii  liy  EO  Ik- 
not  (nealerlhan  the  weizlit  IV  imiltijilied 
by  FO,  no  motion  can  ensue ;  and  Ihtis, 
otri^  to  the  effect  of  th"  riirrdJM'  rf  Uie 
ropr,  m  Sxi^puUfi'  nrny  lie  U>:i,k'.l  wi:h 


<ine<]iial  weights,  and  j'et  continue  m 

If  we  consider  the  effeils  which  the 
weiilhls  A'  and  B'  prmliice  upon  the 
rope  as  the  wheel  revolves,  we  sliall  find 
Ihem  ver>-  different.  The  weiirht,  B, 
continually  bends  the  rope  B'D,  so  as 
to  cive  it  at  Uic  point  b"  a  curvature 
wpial  to  that  of  the  croove  of  the  whee!. 
On_  Ihe  other  hand,  the  weight.  A',  is 
employed  in  destroyinij  tlie  cuiTalure 
which  the  rope  had  when  rusting  in  the 
i^oove,  and  even  ill  Riving  it  a  curva- 
turein  IbeoppoBitedirectioiL  Tlieeftbrt 
wliich  the  rope  in  this  case  makes  to 
retain  its  curvature  at  C  tends  lo  dimi- 
ni&li  Ihe  leveram  liy  which  A  acts,  hut 
lliceffect  of  A'in  Kivins  curvature  to  the 
rope  in  the  iaifuitil«  diivction  lielow  C' 
counteracts  this  effect,  and  has  a  ten- 
(lencv  In  increase  the  leverage  of  A'; 
the  liitferenec  between  these  effects  ia 
what  produces  the  dinunution  of  the  le- 
verage of  A'.  (Jn  the  other  hand,  the 
resistance  wliich  the  roiw  11 D  offers  to 
flexure  is  opposed  lo  the  effect  of  B' ; 
and  this  resistance,  uniliiniiiished  liy  any 
other  cause,  is  wholly  efftetive  iu  in- 
ereasinc  the  Ievern«e  of  B  ,  We  may, 
therefore,  anticipate  that  the  increase 
I)F  of  the  lever.iEC  of  IC  is  much  qreater 
than  the  diminution  CE  of  the  leverage 
of  A'.  Tliis  eileet,  which  is  found  by 
actual  experiment  to  obtain,  is  of  some 
importance  in  simplifting  the  theotj 
of  rigidity.  For  we  find,  in  ciiieral. 
thai  the  elfeet  of  the  weight  A'upunihe 
rope  is  so  coiiiiideriible  that  Ihe  diininii* 
linn  (,-E  of  its  leverage,  .wing  to  tlic 
rigidity  of  the  rope  on  Il.e  side  C,  is  so 
small 'iliat  it  may  be  entirely  neglected, 
and  Ihui  in  our  invest igal ions  we  may, 
nilhiuit  sensible  error,  consider  the 
weiuhl  A'  as  aetine  »ith  the  leverage 
UC,  or  Ihe  radius  of  the  wheel. 

On  the  contraij',  fur  the  reasons  just 
asMgnitl.  tlie  inerease  DE  of  Ihe  li-vei^ 
age  of  It',  owing  to  the  rigidilv  of  Ihe 
rtii-e  D  B',  'v>  eimsiderable,  and  forms  an 
im|H>Hant  elenHiil  in  the  detennination 
of  the  etiec-ts  of  rigidity. 

[1*1  J-  express  the  weight  whii-h 
musllN.'addedloA,  in  order  jw*l  loput 
the  nliivl  in  niolioii.  and  we  have  l>y 
llii'  principles  of  thf  lever, 

{r  +  A-)r^-lV(i-  +  l,t. 
vilieiv  (■  cs^pri'SM's  Hie  radius  of  liie  [lul- 
Icv  ami  /;  -  DF.     Ileuee. 

xr  +  Ai^lir+ah; 
but  since  A'  =  B',  therefore  A'r  ^  B  r. 
Taking  these  ei^utis  lTWiTO\i'j\i^.  ■««  feA 
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Thus,  if  b  were  known,  the  effect  of  the  From  any  three  of  thew  fimr  equa- 

rijsridity  corresponding^   to    any    given  tions  the  values  of  a,  m,  and  n  mav  be 

weight  or  pressure  would  be  known.    It  deduced.    These  being  known,  we  nave 

appears  also,  that  in  order  to  allow  for  _        b    ,   n_.T 

the  rigidity  of  ropes  in  any  machine,  it  x-tr.— -..i?— .     , 

is  only  necessary  to  suppose  the  leveraije  , , 

by  which    the    resistance  acts   to  be  »"«  nence 

greater  than  it  is  by  a  certain  quan-  b=~(a+fnw); 

tity.                                               ...  ^ 

To  complete  the  theory  of  nijidity,  thus  we  obtain  the  increase  of  leverage 
itwillthenbenecessarj'todeterminelhis  which  should  be  allowed  to  the  resist- 
quautity  b ;  and  in  exi)lainin{j  how  this  ance  when  the  diameter  of  the  rope  and 
is  done,  we  shall  ])erhaps  be  compelled  its  tension  are  known. 
to  use  more  algebraical  principles  and  In  order  to  verify  the  empirical  for- 
notation  than  mo 4  of  our  readers  are  mula  just  mentioned,  or  to  prove  it  u 
familiar  with.  The  quantity  b  evidently  far  as  it  is  capable  of  proof,  it  is  only 
depends  altoerether  on  the  curvature  of  necessary  to  eliminate  tne  quantities  a, 
the  rope  B  D', /^.  6.  It  is  easy  to  m,  and  n  by  the  four  equations  (A,)  and 
perceive  the  several  elements  on  which  if  the  result  be  an  identity,  that  is,  an 
this  cur\'e  depends;  1st,  on  the  tension  equation  whose  members  are  perfectly 
of  the  rope  or  the  weijfht  B'  with  which  the  same,  the  four  equations  are  con- 
it  is  loaded  ;  let  this  be  called  w:  2nd,  sistent.  This  species  of  proof  maybe 
on  the  materials  of  the  rope,  and  the  strenirthened  by  multiplying  the  experi- 
manner  in  which  they  have  been  manu-  ments,  and  usintr  ditferent  values  of  r, 
factured  ;  let  a  express  the  quantity  by  m%  and  r  ,•  and  if  an  elimination  of  a,  w, 
which  this  affects  the  rigidity :  3rd,  on  and  «,  from  every  combination  of  four 
tlie  diameter  of  the  rope  ;  let  this  be  d:  equations,  the  certainty  of  the  proof  is 
4th,  on  the  radius  r  of  the  wheel  all  but  equal  to  tliat  of  demonstration.] 

The  empirical  formula 

j^  _  __.  (a -h  mrr)  Chapter  VI.  — 0/    the    Modi/icaHon 

is  assumed  to  represent  :r.     By  an  em-  «^^'>^  Friction  and  other  Re^istanca 

pineal  formula  is  meant   one  that  is  produce  uj^m  the  Conditions  o/Eqm- 

conceived  or  inventetl  without  any  ana-  liorium. 

lysis  or  demonstration,  and  the'  truth  (03 )     i^  a  machine    which    is    con- 

(or  rather  probable  truth)  of  which  can  reived  to  be  divested  of  friction  and  all 

only  be  established  by  shewmg  that  it  q^i^^^.  resisting  forces,  there  is  one  cer- 

is  yerifiod  by  experiment.  ^.^^^^  and  determinate  power  which  will 

In   this   tormuk  the  letters   m   and  equilibrate  with  a  given  weii?ht.  the  nw- 

n  represent  indeterminate  numbers,  the  ^^lo^U  of  determinini?  which  have  been 

values  of  which,  as  well  as  that  of  a,  explained  in  our  second  Treatise.     Any 

can  only  be  tound  by  experiment.    To  0,,.^,^  greater  than  th  s  will  cause  Ui 

determine  these  let  four  pullevs  be  taken  Jveight  to  ascend,   and  any  less  power 

whose  radu  are  r,  r,r  ,  and  r  '.     The  ^..^  j^^^^^  j^  ^^  descend ;  the  eciuilibrium 

rope  whose  riindity  is  under  examina-  i„  ^^^.^^  ^^^^^  ^^^^,r  destroyed.     If  the 

tion  being  successively  laid  over  these,  n^achme  be   subject  to   the  effects  of 

let  It  be  stretched  by  weights  equal  to  faction,  riiriditv,  or  any  resisting  lorces, 

IT  tr;,  tf,  and  u^'\  and  let  the  weights  ^jjig  ^.jn  „^^  {^^^.     jj^;... .  ^nd  We  shall 

which  m  each  case  just  give  motion  to  fi^^,  ^^at  any  power  between  two  deter- 

the  wheels  be  T,  j-'j-",  and  y'.     Sub-  n^j^ate  limits  will  sustain  equilibrium, 

stitutmg  tlK>se  m  the  formula  aU-eady  This  circumstance  arises  from  that  pe- 

mentioned,  we  ol;tain  culiarity  in  the  nature  of  resisting  or 

passive  forces,  that  in  whatever  diirec- 
tion  motion,  or  a  tendency  to  motion, 
is  produced,  they  assume  the  direction 
immediately  opposed  to  that  tendency. 

(A)  If  the  power  has  a  tendency  to  raise  the 
weight  by  being  increased  beyond  the 
value  due  to  equihbrium,  by  the  prin- 
ciples established  in  Treatise  II.»  the 
fr\cl\OTv, %cc.,  o^V^^  ^^^^  tendency;  and 


d'» 
X  =   —  (a-^mw) 

r 

a"  =  —  (a-l-mir') 

r' 

X  =  — -  (a+  mw  ) 
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If  then  fhe  weight  be  increased  so  as  to 
ptedominate  and  tend  to  raise  the  power, 
the  resisting  forces  immediately  change 
their  direction  and  oppose  the  effect  of 
the  weight  I^^t  us  suppose  that  P  is 
the  power  which  bv  any  machine  would 
ecjuiiibrate  with  W,  mdependently  of 
friction  or  any  resist  injj  force,  according 
to  the  principles  established  in  Treatise 
II.  It  P  be  increased,  it  will  have  a 
tendency  to  raise  W;  but  that  tendency 
will  he  opposed  by  the  resistances.  Let 
the  effect  of  these  resistances  on  P  be 
R,  then  it  will  be  necessary  to  increase 
P  by  a  quantity  greater  than  R,  in  order 
that  W  should  be  raised.  Again,  if  P 
be  diminished,  W  would  have  a  tendency 
to  descend,  but  this  tendency  is  opposed 
by  the  resisting  forces ;  and,  in  tact,  W 
eannot  descend  unless  P  be  diminished 
by  a  quantity  greater  than  R.  Thus  it 
appears,  that  in  order  to  raise  the  weight, 
the  power  must  be  greater  than  P  f  R ; 
and  m  order  to  prevent  the  descent  of 
the  weight,  the  power  cannot  be  less 
than  P — R.  Hence  every  power  whose 
value  is  between  the  liiaits  P-fR  and 
P  — R,  will  sustain  the  weight  in  equili- 
brium. The  powers  Pi-R  and  P  — R 
will  sustain  the  weight  in  equilibrium 
also,  but  it  will  be  in  a  state  bordering 
on  motion^  the  least  imaginable  increase 
of  the  one  or  diminution  of  the  other 
necessarily  producing  the  ascent  or  de 
scent  of  the  weiirht. 

The  increase  R  of  the  power  which 
balances  the  resistinc:  forces  is  not  ne- 
cessarily etjual  to  these  forces  them- 
selves, because  the  increase  R generally 
acts  upon  the  resistances,  through  the 
intervention  of  the  machine  or  some 
part  of  it.  To  explain  the  methods  of 
determining  the  (juantity  R,  even  in  the 
several  simple  machines,  would  require 
more  mathematical  investigation  than 
would  be  suitable  to  the  objects  of  the 
present  Treatise.  We  shall,  however, 
explain  some  of  the  more  simple  cases. 

(24 .)  If  a  lever  rest  upon  a  knife-edge 
like  a  balance,  the  friction  will  be  im- 
perceptible ;  but  if  it  turn  upon  a  cylin- 
drical axle,  this  is  not  the  case.  Let/ 
be  the  absolute  quantity  of  the  friction 
on  the  axle,  determined  in  the  manner 
explained  in  the  preceding  chapters ; 
let  r  be  the  radius  of  the  axle,  w  the 
weight,  and  w  its  leverage,  and  let  p  be 
the  leverage  of  the  power.  In  order  to 
raise  the  weight,  the  power  will  have  to 
OTercome  the  friction  /acting with  the 
lereraee  r,  and  the  weight  W  acting 
with  the  leverauee  uf.     The  moment  of 


the  power  which  would  exactly  balance 
these  would  be 

Vfw-\-fr, 
Let  the  power  sought  be  P' ;  hence 

P'p:=  Ww^fr .'.  F=  YL^±/J, 

P 
This  powir  will  just  balance  the  weight 
and  friction,  and  any  greater  power  will 
raise  the  weip^ht. 

If  the  weitrht  be  supposed  to  descend, 
it  will  be  opposed  by  the  friction /acting 
with  the  leverage  r,  which  will  thus 
assist  the  power.  Let  P"  be  the  power 
which  will  just  prevent  the  descent  of 
the  weight,  and  we  evidently  have 

F'p=Ww-/r.'.P'  =  ^'^^-f^ 

P 
Any  po#er  less  than  P"  will  permit  the 
weight  to  descend,  and  these  powers  P' 
P",  and  all  intermediate  ones,  will  sus- 
tain the  weight  in  equilibrium. 

Since  P,  the  counterpoise  for  W  when 

there  is  no  friction,  is  equal  to  ,  w« 

have  P 

P=P-+-^=P  +  R 
P 

:.  R=/r 
P 

which  is  the  limit  of  the  increase  or  de- 
crease of  the  power  consistently  with 
equilibrium. 

This  investigation  applies  also  to  the 
wheel  and  axle  as  is  evident.  In  that 
case,  however,  the  rigidity  of  the  rope 
must  be  allowed  for,  confonnably  to 
the  principles  established  in  the  last 
Chapter;  and  the  same  may  be  ob- 
served with  respect  to  the  pulley. 

(25.;  Let  a  body  W  be  placed  upon 
an    horizontal    plane,   and  /  express 

Fig.  7. 


^■"'-"••■"'■"■"""""nrTifrr 


the  proportion  of  the  friction  to  the 
pressure.  If  a  force  draw  it  in  the 
direction  W  A,  parallel  to  the  plane,  the 
force  which  will  put  it  in  motion  will  be 
Cfiiial  to  the  friction,  and  is,  therefore, 
\V/.  Let  us  now  suppose  that  it  is 
drawn  along  the  plane  by  a  force  which 
constantly  acts  m  the  direction  W  B, 
forming  with  the  horizontal  line  always 
the  same  angle  B  W  A.  This  force 
produces  a  IwofoU  e^«.c\.  \^wn  'C^sx^ 
lines  B  C  and  \\  Ti  so  ?la  \o  ^cax^  "^vt 
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parallcloojam  ^V  D  IJ  (•.  The  forco  W 
IS  uciiiivalont  to  tui)  forces  I'xpicssed  in 
qiiantitv  aivi  (lin*ctioti  by  Mu»  sUlus 
W  D  and  AV  C.  The  part  W  D  tends 
to  raise  the  body  W  from  tbe  j)lane. 
and,  therefore,  to  diminish  tlie  pressure 
and  the  friction,  while  the  part  W  C 
tends  to  move  the  body  alonirthe  plane. 

By  the  oblicpiity  of  the  drauirht  ad- 
vantai::e  is  ijained  and  lost.  Ad  v  ant  aire 
is  irained,  Iwcause  the  friction  which  is 
to  be  overcome  is  diminislunl  by  tiie 
effect  of  that  element  W  D  of  tlie 
draught,  which  actint:  upwanls.  lessens 
the  pressure  ui)on  the  j)lane.  Advan- 
taije  is  lost,  l)ecause  the  element  W  C 
of  the  drauafht,  which  is  eti'cctivc  in  ad- 
vancing the  body  on  the  j)lane,  is  less 
than  the  whole  drauirht  \V  li,  whicli 
would  be  effective  if  it  acted  parallel  to 
the  plane.  It  is  found,  however,  that 
provided  the  antjle  (H  W  C)  ofdraui^ht 
does  not  exceed  a  certain  limit,  an  ad- 
vantajje  on  the  whole  is  trained  by  the 
oblitjuity,  that  is  to  say,  a  less  force  will 
put  the  body  in  moiion,  and  continue 
that  motion  than  woidd  do  so  acting 
parallel  to  the  j)lane. 

It  becomes,  therefore,  an  important 
problem  to  detennine  what  that  antrle 
of  draui^ht  is  which  affords  the  srreatest 
possible  advantatre,  or  with  which  the 
smallest  power  will  move  the  body  alonir 
the  plane.  This  is  very  easily  solvecl 
analjiically ;  we  shall,  however,  attempt 
to  e.vnlain  it  by  ireometrical  construc- 
tion, being  a  more  elementary  pnjcess, 
thoujrh  not  the  most  expeditious. 

Let  the  drawint;  force  as  already  ex - 
jilained,  be  represented  by  W  13,' asid 
suppose  it  just  sufficient  to  put  the  body 
in  motion.  The  element  W  C  ruus't 
then  be  equal  to  the  friction.  Let  W  A 
rei>resent  the  (juantity  of  tiiction  \Nhich 
would  be  produced  by  the  whole  weitrld 

Fi<r,  8. 


of  the  body  pressuiir  on  I  he  plane,  that 

is  Wy(7).     Since  W  (;  n'])resentB  the 

(juantiiy  of  friction  which  n.m;iu\s  al'.ov 


the  j)ressure  is  diminished  }/y  the  upward 
element  WD,  it  follows  tfiat  CA  must 
represent  the  quantity  of  fiiction  which 
would  \>e  produced  by  the  pressure 
D\V  or  lie  :  and  since  /expresses  the 
proportion  of  Ihe  friction  to  the  pres- 
sure irenerallv,  we  have 

CA' :  CB  ::/  :  i. 

It  will  be  recollected,  that   we  have 
already  shewn  (pp.  5,  ft)  that  if  the  plane 
W  A  were  elevated  untU  the  body  \V  15 
would  just  be  moved  down  it,  the  pro 
portion  of  the  heiirht  of  tbe  plane  to  its 
l)ase  would  be  that  of  the  friction  to  the 
j)ressure.  Hence,  in  this  case,  the  heiirht 
of  the  plane  would  have  the  same  ratio 
to  its  base  as  the  line  C  A  has  to  C  B ; 
and,  consequently,  the  riirht-ansrled  tri- 
auirle  included   by  the  heij^ht  and  base 
or  the  plane   is  similar  to  the  triansle 
A  ('  B.  and,  therefoi-e,  the  antrle  A  B C 
is  e([ual  to  the  elevation  of  the  plane, 
which  wt)uld  just   give  motion  to  the 
body.     The  antrle  B  A  C  is  the  comple- 
ment of  this  anirle.      Now  sinoeWA 
represents  the  whole  friction  of  the  body 
undiminished   by  the  obliquity   of  the 
drauirht,  and  the  angle  B  A  \\  de^wnds 
on  the  proportion  of  the  friction  to  the 
pressuiv,  these  quantities  are  both  inde- 
pendent of  the  direction,   or  length  of 
the   line  AV  B,   which   represents   the 
drawinir  force,  and   will,  therefore,  re- 
main unaltered,  however  that  drawing 
foi'ce   be  changed   in   its   direction  or 
lentrth. 

Thus  we  have  obtained  a  very  elegant 
ireometrical  construction,  by  wliich  the 
force  which  is  just  sufficient  to  move 
the  body  at  each  angle  of  draught  may 
be  determined.  From  any  point  W  on 
tlie  plane  draw  a  perpendicular  W  M, 
and  take  any  parts,  W  A  and  W  M,  on 
the  plane  and  the  peri^endicular  which 
have  the  ratio  of  the  friction  to  the 
pressure,  that  is,  so  that 

WA  :  WM  ::/:!. 

Then  if  WM  be  supposed  to  represent 
the  weiirht,  AVA  will  represent  the  fric- 
tion due  to  the  pressure  of  the  entire 
weiirht,  and  the  antrle  WMA  will  he 
t-cpial  to  that  elevation.  X  (p.  6),  of  the 
jilanc  at  which  the  force  of  the  weight 
tiowii  the  })lane  would  be  equal  to  the 
friction.  We  will  suppose  WM  to  be 
taken  of  such  a  leiisrth  that  the  number 
of  inches  in  it  is  equal  to  the  number 
of  pounds  in  the  weight.  Then  the 
number  of  inches  in  WA  will  be  the 
number  of  pounds,  which  would  over- 
come the  friction  due  to  the  entire 
wevj;\vt,  or  wlucU  acting  parallel  to  the 


MECHANICS. 


%\ 


plane  W A  woukl  just  put  the  weight  in 
motion.  But  we  desire  to  know  the 
power  which  acting  at  any  given  angle 
with  WA  would  just  move  the  weight. 
Draw  the  line  WB"  in  the  direction  of 
the  required  power,  and  terminated  in 
AM  ;  the  number  of  inches  in  WB''  will 
be  the  numlxT  of  pounds  wliich,  acting 
in  the  direction  WB'',  will  just  move  the 
wei&;ht.  Airain,  it  may  lie  required  to 
assign  the  direction  in  which  a  given 
power  must  act  in  order  just  to  move 
the  weight.  To  determine  this  let  a 
line  of  as  many  inches  as  there  are 
|)OumIs  in  the  required  power  be  inflected 
fhmi  W  on  the  line  AM.  If  WB'  be 
this  line,  WB'  will  be  the  required  di- 
rection. 

To  determine  tlie  best  angle  of 
draught,  is  then  only  to  assign  the  least 
line  which  can  l>e  drawn  from  the  point 
W  on  the  line  A  M,  whicli  is,  as  is  well 
known,  a  perjiendicular  to  it.  Let 
W  B  A  be  a  right  angle,  and  the  angle 
B  W  A  is,  therefore,  the  best  angle  of 


draught.  The  right-angled  triangles 
W  B  A  and  B  C  A  are  similar,  (Euc. 
VI.  prop.  8,)  and,  therefore,  the  angle 
B  W  A  is  equal  to  the  angle  C  B  A 
But  this  last  is  equal  to  the  angle  to 
which  the  plane  should  be  elevated,  in 
order  that  the  body  should  just  move 
down  it. 

(26.)  [We  may  obtain  this  result  ana« 
Ivtically  thus.  I^t  j?  be  the  angle  of 
draught,  P  the  drawing  force,  and  X 
the  elevation  at  which  the  body  just 
moves  down  the  plane.  The  elements 
into  which  P  is  resolved  are  P  cos.  x, 
and  P  sin.  x.  The  pressure  on  the  plane 
is  consequently  W  ~  P  sin.  x,  and  the 
corresjjonding  friction 

(W  -  P  sin.  X  tan  X.) 
This  is  balanced  by  P  cos.  x;  therefore, 
we  have 
(W  —  P  sin.  X)  tan.  X  =  P  cos.  x, 
Tlie  question  then  is  to  determine  the 
value  of  X,  which  renders  P  a  maximum. 
Differentiating  considering  P  and  x  as 
variables,  we  have 


—  P  cos. X tan.  Xclx  —  sin.  x  tan.  X  rf  P  =  cos.  xd  P  —  P  sin.  x  dx. 


hat  d  P  =  0,  and  omit  d  a,  and  we 
obtain 

—  P  COS.  X  tan.  X  =  —  P  sin  .r. 
.*.  tan.  X  =  tan.  x  . .  .r  =  X, 
which  is  the  conclusion  obtained  geome- 
trically above.] 

(27.)  Hence,  if  a  body  be  require<l  to 
Ik;  drawn  upon  a  plane  subjiri  Ut  nie- 
tion,  the  best  direction  tor  the  tuices  is 
to  be  inclined  to  the  plane  at  that  angle 
At  which  the  plane  itself  should  be  in- 
clined to  the  liorizon,  in  order  to  make 
the  body  move  down  it  without  any 
drawing  force. 

In  the  construction  already  instituted, 
the  angle  of  draught  corres])onding  to 
the  direction  W  M  is  90°.  In  this  case 
the  whole  dr.iwing  force  is  spent  in  tU- 
minishing  the  pressure  on  the  plane> 
the  element  in  the  direction  of  the  plane 
gradually  diminishing  as  the  angle  of 
draugiit  increases,  and  at  length  alto- 
gether ilisappearing.  The  line  W  M 
ought  then  to  represent  as  it  does  the 
weight  of  the  body,  the  pressure  being 
in  this  case  absolutely  destroyed. 

(28.)  In  the  preceding  investigation 
of  the  best  angle  of  draught,  we  have 
iupposed  that  the  plane  upon  which  the 
load  is  drawn  is  norizontal.  If,  how- 
ever, it  be  not  so,  but  inclined,  the  pro- 
cess of  investigation  will  l)e  somewhat 
modified,  hut  .the  final  result  will  be  the 
same,  the  best  uif^le  of  the  draught 
beiog  in  all  cases  etinal  to  that  elevation 


of  the  plane,  at  which  the  body  would 
just  move  down  without  any  drawing 
force. 

Let  F I  i/i^.i),)  l>e  the  inclined  plane  on 
which  the  body  is  placed,  and  let  its  length 
F  I,  expresst^il  in  inches,  represent  the 
weight  of  the  b(xly,  expressed  in  pounds. 

Fig.  9. 


\\ 


F 


K 


Hence,  its  haw  F  K  will  represent  the 
pre>suie  on  ihe  plane,  and  its  height 
K  1  the  force  d»\vn  thenlane.  (Second 
Treatise).  Dra\\  W  Ri  i>erpendicular 
to  FI  and  e<\\vA\  \v)  YyL^  ^\A  ^erKti 
M  A,  n\ak\T\f;  \\w  A\\t\*f\^  >»\  K  ^ev^-^iXV^ 
the  angW  ot  eVeN^V\o\\»NN\\vcVv  >»iv^v^Ji^>^* 
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make  the  force  of  the  body  down  the  force,  correiponding  to  any   an^  of 

plane  equal  to  the  friction.    Hence,  as  drauj^ht,  maybe  found  by  drawing  aline 

we  have  already  explained,  M  W  is  to  from  W  in  the  direction  of  the  draught, 

W  A  as  the  pressure  to  the  firiction.  and  terminatetl  in  the  line  O  B,  or  its 

But  M  W  represents  the  pressure  on  production.    The  lenc^th  of  this  line  will 

the  plane,  and,  therefore,  W  A  repre-  represent  the  quantity  of  the  drawing 

sents  the  correspondins;  friction.     Let  force.     And  on  the  other  hand,  if  the 

W  D  be  the  clement  of  the  dm  wine  force  angle  of  draught  coiresponding  to  any 

which  is  perpendicular  to  the  plane,  and  ijiven  drawing  force  be  required,  it  u 

which  therefore  diminishes  the  pressure,  only  necessary  to  inflect  from  W  a  line 

Since  W  M  is  tlie  undiniinislied  pres-  equal  to  the  idven  drawing  force  on  the 

Bure,  and  W  D  the   quantity  by  which  line  O  B,  and  the  direction  of  this  line 

the  drawinsc   force    diminisVies   it,   the  will    be    that    of    the     corresponding 

effective  pressure  will  be  M  D.  Throusjh  draught. 

D  draw  D  L  parallel  to  W  A.    The  tri-  To  find  the  best  angle  of  draught,  it 
angles  M  D  L  and  M  W  A  are.  similar,  is  only  necossar}'  to  find  when  the  draw- 
ana  therefore,  inc:  force  is  the  least  possible,  which  is 
M  W    '  W  A  •  •  M  D    •   D  L  evidently  done  by  drawing  a  perpendi- 

And  since  W  A  is  "the  fridion  corre-  *=»},"•,  ^\^'  f""™  }>'•  "".  P  "•    '^ 

^ondin?  to  the  pressure  M  W,  D  L  \^'"   ^l  ^KlT^r!^"   aI'^^  •*"*"  .^ 

must  be  the  friction  coiTOspon.Iinir  to  ^'i'^"'"  fr"'?,  ^7 '°  ^J^u  nX^'  ""•'"'•,** 

the  effective  pressure  M  D.    This  then  "*""^*  ^^  <:w.'^"''  ^  ^iS  '^^  *'""''T' 

is  one  part  of*  the  force  which  is  to  be  *!?"',"":''-'  ^^^^  9  «  ^'l^. '«  t»>e  antfte 

overcome  by  the  element  of  the  drawing  ^,  "  "  '  f  ^"^^Tm^  ?>,"  ^T^^n  ^ 

force  which  is  psuallel  to  the  plane.  The  >^  ^^^  ^"''  'I.? '".^^  -^-  «he  ^ngk-  C  B  0 

other  part  is  the  force  of  the  body  doun  l^  (^''^  ♦°  ^^  ^  -^ '  ,'^;7'r'^  V'71f  ■* 

the  pline,  which  is  represented  W  K  I.  "y  ^  is  equal  to  \\  MA;   but  this 

From  A  take  A  O  equal  to  K  I,  and  '"i*t  f  "«•<:  is  equal  to  the  elevation  at 

draw  C)  B  parallel  to  A  M,  and  to  meet  ^V.'"'^''  "^^  l^^^'y  ^^0"'<^  J"***  ""o^*  <>°«'' 

tically 

lane, 

the'praner  This""ad<le<i  t7  thc'fridion  ""'f  J"'*^^''  <!'>«"  the  plane  is  W  sin. .. 

D  L  eives  the  whole  force  D  B.  which  f"^  ' ^'  P^'jl^!"''  "^  ^^  '=<'.''•  "  '  ^^e  f^o- 

is  to  be  balancecl  by  the  element  of  the  *>""  '^"*-'  •»  *'',"'  P'"*^""'""^  '* 

drawing   force  in  the   direction  of  the  *^  ^^^'  ^  **"•  ^« 

plane.     Hence,  if  W  B  1  e  drawn,  and  The  element  of  the  drawing  force  per- 

also  B  C  parallel  to  D  W,  it  is   plain  pendicular  to  the  plane  is 

that  W  B  must  represent  the  drawing  p  sin    r 

force  since  W  C  (whk-h  is  equal  to  D  B),  ^„^i  ^^e  diminution  of  the  friction  due 

and  W  D  are   its   elements  m   the  di-  ^^  ^j^jg  jj, 

recrtion  of  the  plane  and  perpendicular  i>    •          ♦       v 

to  it.     Tlie   number  of  inches   in  the  ^  ^'"*  ^  ^"'  ^• 

several  lines  we  have  here  drawn,   is  Hence  the  effective  friuion  is 

equal  to  the  number  of  pounds  in  the  (W  cos.  *  —  P  sin.  x)  tan.  X  ; 

forces  or  pressures  which  they  severally  and  the  entire  force  to  be  balanced  by  the 

represent.  element  P  cos.  x  of  the  drawine:  force,  in 

('29.)  Such  is  the  analysis  of  the  pro-  the  direction  of  the  plane,  is  the  sum  of 

blem  when  the   plane  is  inclined,  and  this  friction,  and  the  force  W  sin.  ^  down 

from  which  it  appears,  that  the  drawing:  the  plane.    Hence  we  have  the  equation, 

W  sin.  €  +  (W  cos.  ^  -  P  sin.  j:)  tan.  X  =  P  cos.  x. 
Considering  P  and  x  variable,  let  tliis  equation  be  differentiated,  and  we  obtain 
—  P  cos.  .r  tan.  Xrf.r  -  sin.  x  tan.XrfP  =  cos.ardP  —  P  sin. xrfP. 

This  is  the  same  differential  equation  as  subject  to  the  effects  of  friction.   Let  ui 

was  obtained   in   p.  21,  and  therefore  first  suppose  that  the  power  acts  in  the 

gives  the  same  result  x  =  X.]  direction  of  the  plane. 

(31.)  .We  shall  now  investigate  the  If  the  elevation  of  the  plane  be  not 

limits  of  tl\e  value  of  the  power  which  greater  than  that  at  which  the  body  will 

is  capable  of  sustaining  in  equilibrium  jusl  moNe  doYtw.  the  nlane,  and  whidi 

^ given  weight  upon  an  inclined  plane,  we  &V\a.\!^  '\tv  ^rexv^T«X  c;^  ^«  Vl  S&  «si\Aieckl 
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that  tfae  power  neoeuaxy  to  sustain  the 
wei^  in  equilifarium  has  no  minor 
iinut,  because,  without  the  assistance  of 
any  power,  the  friction  alone  is  sufficient 
to  prevent  the  descent  of  the  weight  If 
the  weifi;ht  be  represented  by  the  length 
of  the  plane,  the  pressure  is  represented 
by  its  oase  B.  Let  the  proportion  of 
the  friction  to  the  pressure,  as  usual,  be 
/:  1.  Hence  B/  is  the  friction.  The 
force  of  the  weight  down  the  plane  is 
represented  by  the  height  U.  Hence 
the  force  to  be  overcome  by  the  power 
in  order  just  to  produce  motion,  is 
H  +  B  /i  which  is  therefore  the  mctjor 
limit  oi  the  power  which  is  capable  of 
sustaining  equilibrium.  Any  power 
greater  than  tnis  will  draw  the  weight 
up  the  plane. 

This  may  be  easily  represented  by  geo- 
metrical construction.  J^t  AB  {^g-\  0.) 
be  the  inclined  plane  which  represents 
tiie  weight,  AC  represents  the  pressure, 

Fig,  10, 


and  B  C  the  force  down  the  plane.  Take 
A  D,  equal  to  B  C,  and  from  D  draw 
D  E  perpendicular  to  the  plane,  and 
equal  to  A  C,  and  from  £  draw  £  F, 
ma  kins:  the  angle  D  £  F,  equal  to  the 
angle  X.    Hence 

DF:DE::/:  i; 

that  is,  as  the  friction  to  the  pressure ; 
and  since  D  £  represents  the  pressure, 
D  F  represents  the  friction.  Since  A  D 
represents  the  force  of  the  body  down 
the  plane,  and  D  F  represents  the  fric- 
tion, A  F  represents  a  force  equal  to  the 
combined  effects  of  these,  and  which 
would  keep  them  in  emiilibrium.  Any 
force  greater  than  AF,  therefore,  will 
draw  tne  weight  up  the  plane.  Hence 
A  F  represents  the  greatest  power  which 
can  act  upon  the  weight,  consistently 
with  equilmriunL 

If  we  si^ose  the  elevation  B  A  C  of 
the  pbuie  to  be  greaitr  than  the  angle 


X,  the  power  necessary  to  sustain  the 
weight  will  have  a  minor  limit;  for  hi 
this  case  the  friction  alone  is  insufficient 
to  prevent  the  descent  of  the  weight. 
Upon  the  principles  already  explained, 
the  height  H  escpresses  the  force  down 
the  plane,  and  B/  is  the  friction  which 
will  resist  the  descent  of  the  weight ; 
hence  the  actual  tendencv  to  descend  is 
H  —  B/,  which  is  therefore  the  minor 
limit  of  the  power.  If  P  and  P'  be 
used  in  the  sense  explained  in  (24),  we 
therefore  have 

F  =  H  +  B/ 
P=  H  -  B/; 
or,  foUowing  the  construction  in;^.  10, 
draw  EP,  making  the  angle  DEP 
equal  to  X,  and  D  P  will  be  equal  to 
the  friction,  and  we  shall  have 
P  =  AF,        P'  =  AP. 

(32.)  Let  us  next  suppose  that  the 
direction  of  the  power  is  inclined  to  the 
plane. 

The  power  which  acting  at  any  given 
angle  with  the  plane  would  just  over- 
come the  weight  and  the  friction,  was 
determined  by  the  analysis  and  con- 
struction instituted  in  (28).  Hence, 
if  F  I,  Jig,  9,  represent  the  weight, 
and  i>  B  the  direction  of  the  power, 
the  length  of  the  line  W  B,  will  ex- 
press the  magnitude  of  the  power 
which  will  just  overcome  the  weight 
and  Iriction ;  so  that  any  power  greater 
than  WB  acting  in  that  direction  would 
move  the  weight  up  the  plane.  Hence 
P=WB. 

To  assign  the  minor  limit  of  the 
power  will  be  easy,  by  a  slight  modifi- 
cation of  the  construction. 

In  the  process  described  in  (28), 
instead  of  making  the  angle  AVMA 
equal  to  X  towards  the  top  I  of  the 
plane,  let  it  be  made,  as  in  fg,  11,  to- 
wards the  foot  F.  Then,  as  before,  W  D 
{fig.  11.)  representing  the  element  of 
the  drawing  force  perpendicular  to  the 
plane,  DL  will  represent  the  friction. 
Take  AO  equal  to  IK,  and  through  O 
draw  a  parallel  to  AM  to  meet  LD 
produ^  at  B.  The  force  with  which 
the  weight  has  a  tendency  to  descend 
on  the  plane  will  be  the  difference  be- 
tween the  part  LB  of  the  weight  re- 
solved in  the  direction  of  the  plane  and 
the  friction  LD,  vvhich  is  DB.  This 
line  DB  must  then  be  equal  tp  the  ele- 
ment of  the  power  in  the  direction  of 
ilie  plane  ;  and  since  >YD  is  the  element 
perpendicular  to  the  plane,  the  power 
must  be  ^^'B. 

(ii3.)   DWesViTxg,  *\«  ^otv«Nx>M:<»».  ^ 
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those  lines  which  are  merely  introduced 
to  supply  the  links  of  the  analysis,  the 
two  limits  of  the  power  may  be  thus 
determined.  Let  WB  be  the  direction 
of  the  power.  Take  W  A  and  \V  A',  (jfig. 
12.)  each  equal  to  the  friction  due  to  the 
]Tessure  of  the  weight  upon  the  plane, 
the  weight  being  supposed  not. to  be 
afHectcd  by  any  power      Take  A  O  and 

Fig.  12. 


A'0\  each  eciual  to  IK,  and  through  O 
and  O'  draw  lines  each  incHned  to  00' 
at  an  angle  equal  to  the  complement  of 
X,  and  produce  the  direction  of  the 
power  to  mtersect  these  lines  at  B'  and 
B.  Then  WB'  will  be  the  least  power 
which  can  prevent  the  descent  of  the 
weight,  and  WB  will  be  the  greatest 
power  which  can  be  apphed  without 
causing  its  ascent.  All  intermediate 
powers  will  produce  equilibrium. 

Tlie  construction  which  we  have 
given  not  only  exhibits  in  every  case 
the  two  limitinc:  values  of  the  equili- 
l)rating  power,  but  also  shows  what  the 
single  value  of  this  would  be  if  there 
were  no  friction.  ->jA»t  D  be  the  point 
where  WB'B  intcrsdcts  the  perpendicu- 
lar GH  from  G  on  OO';  WD  is  the 
value  of  the  power  iix^  ich  would  sustain 

J  ai. 


the  weight  were  there  no  frietioii.  ¥pr 
the  element  of  this,  which  if  in  the  £- 
rection  of  the  plane,  i^  WH ;  bat  nnee 
O'GO  is  isosceles,  H  must  be  the  mid- 
dle point  of  00',  but  A'O'  is  equal  to 
AO:  take  AO'  from  both,  and  the 
remainders,  AA'  and  00',  are  equal ; 
and  therefore  WA,  which  is  half  of  the 
one,  is  equal  to  HO,  which  b  half  of 
the  other ;  add  to  both  AH,  and  WH 
is  equal  to  AO,  which  by  construction 
is  equal  to  KI,  or  the  force  down  the 
plane.  Hence,  the  element  of  WH  in 
the  direction  of  the  plane  would  be 
f(}ual  to  the  force  down  the  plane,  and 
WG  is,  therefore,  the  equilibrating 
power. 

(34.)  From  considering  this  constiuc- 
tion  it  appears  that  if  the  direction  of 
the  power  be  that  of  the  line  WG  pass- 
ing through  the  intersection  of  the  lines 
drawn  through  O'  and  O,  the  two  limits 
of  the  power  become  the  same,  the 
points  B^  and  B  coincide,  and  there  is 
but  one  power,  WG,  which  will  keep  the 
weiflfht  m  equilibrium;  every  greater 
power  will  cause  its  ascent,  and  every 
lesser  one  will  permit  its  descent  This 
may  be  easily  accounted  for,  and  is  in 
fact  what  mitrht  be  expected.  Since  WA 
-  HO  and  WA  is  the  friction  due  to  the 
weight,  HO  is  ef|ual  to  this  friction ; 
and  since  HGO  is  the  complement  of 
HOG,  it  is  equal  to  the  angle  X,  and 
therefore  HO  is  to  H (J  as  the  friction 
to  the  pressure ;  but  HO  is  the  friction 
due  to  the  weight,  and,  therefore,  GH  is 
the  pressure.  But  since  WG  is  the 
power,  HG  is  its  element  perpendicular 
to  the  plane.  Hence  tlie  part  of  the 
power  which  tends  to  diminish  the 
pressure  is  equal  to  the  entire  pressure. 
Tlie  pressure  being  thus  destroyed,  there 
is  no  friction ;  and  hence  it  is  that  tiie 
two  limits  of  the  power  become  equal, 
their  difference,  which  is  ahnrays  twice 
the  eftect  of  the  friction,  having  va- 
nished. 

Since  GH  is  equal  to  FK,  and  WH 
to  IK,  and  the  angles  at  H  and  K  are 
ric:ht,  it  follows  that  WG  is  equal  to 
FI,  and  that  the  angle  GWH  is  equal 
to  FIK,  and,  therefore,  that  WGis  pa- 
rallel to  IK.  Thus  it  appears  that  Uiis 
is  the  case,  in  which  the  direction  of 
the  power  is  vertical,  and  is,  therefore, 
equal  to  the  weight,  and  sustains  it  in- 
dependently of  the  plane. 

(35.)  [The  preceding  results  may 
verv  easily  be  obtained  analytically, 
and  the  formula;  thus  found  are  better 
fitted  for  calculation  than  the  geomelii- 
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eal  eonsfmelions  which  we  have  given  W  sin.  0  of  the  weight,  in  the  direetion 

in  the  text.  of  the  plane,  in  order  to  obtain  the 

Retaining  the  notation  which  we  have  force  which  is  to  be  balanced  by  the 

aiied  in  pp.  21,  22,  the  effect  of  the  element  of  P'  in  the  direction  of  the 

friction  in  resisting  either  the  ascent  or  plane,  and  must  be  subtracted  from  it 

descent  of  the  weiAt  is—  m  order  to  obtain  the  element  of  P'  in 

(W  COS.  ff  —  P  sin.  X)  tan.  X.  the  direction  of  the  plane.    Hence  we 

This  must  be  added  to  the  element  have— 

W  sin.  ff+(W  cos.  c— P'  sin.  x)  tan.X=P'  cos.  x. 
W  sin.  «— (W  cos.  tf— P^sin.jr)  tan.  X=P''  cos.  x 

Multiplying  both  members  of  each  equation  by  cos.  X,  and  observing  that 
tan.  X  COS.  a  =  sin.  X,  we  find— 

W  (sin.  e  cos.  X+sin.  X  cos.  f)— P'  sin.  x  sin.  X=P'  cos  x  cos.  X 
W  (sin.  e  cos.  X— sin.  X  cos.  e)'\-V*  sin.  x  sin.  X  =  P''cos.  x  cos.  X 
.'.  W  (sin.  e  cos.  X+sin.  X  cos.  tf)  =  P'  (cos.  x  cos.  X+sin.  a?  sin.  X) 
W  (sin.  e  cos.  X— sin.  X  cos.  e)  =  V"  (cos.  x  cos.  X— sin.  x  sin.  X) 

But,  Xjy  trigonometry,     sin.  e  cos.  X  ±  sin.  X  cos.  e-sm.  (e  ±  X) 

cos.  e  COS.  X  ±  sin.  ^sin.  X  =  cos.  {e  ip  X) 

Hence  we  obtain,  W  sin.  (c  +X)=  P'  cos.  (x  —  X) 

W  sin.  (e  —  X)  =  P"  cos.  {x  +  X) 

.  TV     ^  sin,  (g  +  X) 
..  r--  ^'cos.  (a?  — X) 

'^  "    ^^'cos.  {x+X) 
which  formulae  arc  adapted  for  computation. 

I*t  us  examine  under  what  conditions  the  two  limiting  values  P',  P"  of  the 
equilibrating  power  will  become  equal.    If  this  be  the  case  we  must  have- 
sin,  (fi  +  X)   __  sin.  {e  —  X) 

cos.  (JT  —  X)   ~  COS.  (X  +  X) 

/.    sin.  (e  +  X)  cos.  (x  +  X)  =  sin.  (e  —  X)  cos.  (x  —  X) 
.•.2  sin.  (e  +  X)  cos.  (a?  +  X)  =  2  sin.  (*  —  X)  cos.  {x  —  X) 

But  by  trigonometry, 

2  sin.  (e  +  X)  cos.  (j?  +  X)  =  sin.  («  +  a?  +  2  X)  +  sin.  {e  —  x) 
2  sin.  le  —  X)  cos.  (a:  —  X)  =  sin.  (tf  +  a?  —  2 X)  +  sin.  {e  —  a) 

Omitting  the  common  quantity  sin.  (e  ~x)m  these  equals,  we  have, 

sin.  (tf  +  a?  +  2 X)  =  sin.  (c  +  a:  -  2X) 

Hence  the  angles  within  the  parentheses  must  be  either  equal  or  supplemental. 

1st.  Suppose  them  equal, 

+  j  +  2X  =  tf  +  a?-2X 
.-.  X  =  0 
the  case  in  which  there  is  no  friction,  and  therefore  but  one  value  of  P. 

2nd.  Suppose  thuni  supplemental, 

£?  +  x+2X=lS0O-e-jr+2X 

.'.  2e+  2x=  180'^; 

or,  e  +  X  =  9if» 

:,  X  =  90O  -  e 

Hence  the  angle  ar,  wliich  the  direction  of  the  ^)ower  makes  with  the  plane,  is 
equal  to  the  complement  of  the  elevation  e.  This  is  the  same  result  as  was 
obtained  in  j(34.)  geometrically. 

It  is  very  easy  to  shew  that  the  geometrical  construction  mjig.  12,  exhibiting 
the  value  of  P'  and  P^  might  be  derived  from  the  formulse  for  these  quantities 
which  we  have  just  found,  or,  vice  ventd,  that  the  formulie  may  be  derived  from 
tbe  eonstruction. 

In;^.  12,  WG  is  equal  to  FI,  otto  W;  the  angle  WGH  is  equal  to  K  FI, 
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ore;  ondtheangle  H60  or  HOO'is  equal  toX.  Henoe  W  G  Br  u  cqiul  to 
WGH  -HGO%  or(e-X);  and  WGB  i8equtltoWGH  +  HOO,or«+X, 
Also^GWBUequaltoGWH -BWH,orGWH-d?.    But 

GWH  =  90«-WGH=  90<»-tf. 

Hence,  GWB  =  90° -(e+ a:). 

GB'B  =  GWB'  + WGB' 

=  90®  -  ((?  +  37)  +  e  -  X 
=  90°-(ar+X). 

Also  GBW  =  GB'W-B'GB; 
butB'GB  =  2X. 

Hence,  G  B  W  =  90°  +  (.r  +  X)  -  2  X, 

or  G  B  W  =  90°  -  (J?  -  X). 

By  trigonometr)'  we  have— 

W  B  :  W  G  : 
or  P* :  W      i 
WB':  WG 
orP*;  W    ; 


Hence  we  find. 


;  sin.  WGB:  sin.  WBG 

;  sin.  (e  +  X)  :  cos  (x  —  X) 

;  sin.  WGB':  sin.  W B'G  =  sin. G B'B 

;  sin.  (e  —  X) :  cos.  (x  +  X) 

P'=  W.  *^"'  (*"*'^^ 
'  cos.  (J?— X) 


•cos.(x+X) 

which  are  the  formulae  already  determined  analytically,  and  by  reversing  thii 
process,  the  construction  may  ue  deduced  from  the  formulae. 

If  the  power  be  parallel  to  the  plane  x=o,  and  the  formula?  become — 

sin.  (e+X, 


P'=W. 


P''=W. 


cos.  X) 

sm.  (£— X) 

cos.  X 


■J 


(36.)  It  is  evident  that  all  the  preceding  reasoning  will  be  applicable,  whether 
the  body  slide  or  roll,  or  be  moved  on  wheels.  The  only  difference  will  be  that 
the  proportion  of  the  friction  to  the  pressure,  or  the  value  of/  or  WA  will  ba 
different  in  each  case. 


Chapter  VII. — Tables  of  the  Results  fiom  experiment,  we  shall  lay  before  the 

of  E J  penmen  ts  on  Friction  and  /?i-  student  >ome  tables  containing  the  re- 

gidity  of  Cordage.  suits  of  experiments  instituted  oy  Coi^ 

lomb,  and  by  comparing  these  results 

(37.)  Since  no  theory  of  friction  and  with  the  principles  which  have  been 

the  rigidity  of  cordaire  has  been   yet  deduced  from  them,  the  degree  of  vaB- 

establishea    on    perfectly    satisfactory  dity  to  be  allowed  to  these  principlei 

principles,  and  all  our  knowledge  re-  wiU  be  apparent, 
specting  it  must  be  derived  immediately 

The  following  tables  are  extracted  from  Dr.  Gregory's  Treatise  on  Mechaniot. 

Table  I. — Friction  ofWoods^  the  Directions  of  the  Fibres  being  the  tame,  ami 

the  pressure  being  Unity. 

Vain*  of/. 

Oak  against  oak 0.43 

Oak  asrainst  fir 0.65 

Fir  against  fir 0..56 

Elm  against  elm 0.47 

FHction  of  Woods,  t/ie  Directions  oj  the  Fiftres  beiriff  at  Right  Anghs, 

Oak  against  fir 0.l.i8 

Fir  against  fir         0.167 

Elm  a^Hinst  elm  0. 1 00 
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(  Ih-^McHon  qf  EollerM  qf  Lignum-vittB  qf  nx  inehe»  and  two  inehm 

diameter.    Preamre^  1. 


ChATi^  of  the  mllnrs, 
their    weight  beinf 
eotn  prised. 

Weif hts  whirh  prodoe^  an  estreroeljr  alow  motion,  tlM 
diameter  of  tkeir  roUen  beiof 

6  inehea 

Smrbes 

lOOIbs. 
500 
1000 

0.6 
8.0 
6.0 

1.8 

9.4 

18.0 

e  shall  next  present  the  results  of  kinds :  No.  1 ,  of  6  threads  in  a  jranit 

nb's  experiments  upon  the  ri-  or  2  in  a  strand,  the  ciroumference  l^|' 

of  cords,  and  different  rollers  be-  lines,  and  weight  of  a  foot  in  length  44 

2  and  12  inches  in  diameter ;  the  drachms.  No  2,  of  15  threads  in  a  yam. 

ion  for  the  friction  is  stated  in  or  5  in  a  strand,  circumference  20  lines, 

hie,  and  a  comparative  column  weight  of  a  foot  hi  length  I2|  drachms. 

:s  the  rigidity  deduced  from  the  No.  3,  of  30  threads  in  a  yam,  or  10  in 

iient's  made  with  the  apparatus  a  strand,  cutiumference  28  lines,  weight 

onions.    The  cords  were  of  three  of  a  foot  in  length  24 1  drams. 

Table  III.— Rigidity  qf  Cords, 


Additional 

Stiibeu  of  the  Cord.  1 

[Cindsof  wood, 

Weifchts 

hung;  on 

each  vide 

the  roller 

inlh«. 

weight 
to  j»or- 

Total 
charge  of 

Sorda  nieil 
the  ezpe- 
tnU. 

^ 

diameter  and 

inount 

the  rulers 

Friction  of 

ivei^ht  of  the 
roUersa 

friction  of 
roller  and 

which 
support  the 

the  roller. 

Valued 

bv  Cou. 

lomb'a 

Valued 
b]r  Amoa- 

stiffuehS  of 

roller. 

ton'a  appa- 

cord*. 

apparatiu. 

ratu. 

!ord  No 
!.  of  SO  , 
treads  in 

Elm      1 
12  inches 
^diameter, 
weicrht 

100 
800 

5lb8 
11 

SI5 
721 

1.5 
3.6 

8.5 

7.4 

4.4 

10.4 

*>^'"-   I  no  lbs.  J 

500 

20 

1130 

5.6 

14.4 

16.4 

f     Elm 

6  inches 
)em.        <<  diameter, 

>        200 

18 

418 

weight 
25  lbs.  J 

Guiacum 
6  inches 

• 

lem.        ^diameter, 

>       200 

16 

4C6 

2.8 

18.8 

14.8 

wfight    1 

, 

50  lbs. 

Guiacum 

2  inches 

25 

11 

654 

lem.        <  diameter. 

200 

weifflit 

52 

4564 

.  424  lbs.  . 

brd  No. 
U  of  15 
ireads  in ' 

Guiacum 
6  inches 
diameter, 

weight 
.    50  lbs. 

95 
100 
200 

11 
6 
11 

lOUj 
2^6    1 
461 

2.8 

8.2 

7.6 

a  yam. 

500 

21 

1074 

6.4 

17.6 

17.8 

brd  No. 

C 

• 

I.of  6 

.Idem.       J 

100 

S 

258 

1 

ireadsin 

200 

6 

456 

2.7 

8  8 

8.1 

a  yaio. 

"om  this  table  it  will  be  seen  that  ences,  where  greatest,  to  the  cireum- 

sthod  of  Amontons  and  tliat  of  stances  of  the  conds  having  been  mon 

rnb  furnish  nearly  the  same  re-  used  previous  to  their  beinir  taken  for  cmc 

M.  Coulomb  aacribei  the  differ-  kind  of  experimenl,  IVvui  vx  ^^^\«»r 
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"  The  preceding  Table  contains  the  the  pulley  and  the  card,  to  the  radius  of 

results  of  experiments  on  the  friction  of  the  axis,  which  ratio  is  very  nearly  7  to 

axes  of  iron   in  boxes  of  copper.  The  1,  when  the  weight  is  suspended  by  a 

axis  used  was  19  lines  in  diameter,  and  thin  packthread,  and  nearly  7*2  to  1, 

had  a  play  of  1.75  lines  in  the  copper  when  it  is  suspended  by  the  cord  No.  I 

box;   the  pulley  was  144  lines  in  dia-  From  these   considerations  the  ninth 

meter,  and  weitrhed  14  lbs.  column  was  calculated.     The  wei^ts 

"The  chief  object  in  these  experiments  comprised  in  the  eighth  column  are 

was  to  determine  the  friction  of  axis  composed,  1.  Of  the  weight  of  the  pul- 

in  motion.     Coulomb,  therefore,  caused  ley  or  cylinder ;  2.  Double  the  corre- 

the  weijfhts  to  run  over  a  space  of  six  sponding  weight  in  the  fifth  column ; 

feet,  and  measured  separately  by  half  3.  The  weights  contained  in  the  sixth 

seconds,  the  time  employed  to  run  over  column ;  for  the  sum  of  these  evidently 

the  first  and  last  three  feet.  compose  the  pressure  upon  the  axis. 

Hence,  to  find  the  ratio  of  the  friction 

"  The  weifi:hts  employed  to  bend  the  to  the  pressure,  as  expressed  in  the 

cord,  and  which  are  contained  in  the  tenth  column,  it  is  only  to  divide  any 

fourth  column,  were  calculated  from  the  number  in  the  ninth  column  by  the 

tensions  expressed  in  the  fiitii  column,  corresponding  one  in  the  eighth." 

by  means  of  the  formulae  already  given,  *'  M.  Coulumb  has  likewise  endea- 

and  the  results  of  some  previous  expe-  voured  to  ascertain  the  friction  of  axes 

riments.      These    weights   being    sub-  of  rotation  made  of  the  different  kinds 

tracted  from  those  of  the  sixth  column,  of  wood  which  are  commonly  found  in 

which  put  the  system  in  motion,  leave  rotatory  machines.    To  render  the  fric- 

the  weights  employed  in   overcoming  tion  more  sensible,  he  used  pulleys  of 

the  friction.    These  latter  weights  act-  12   inches  mounted    upon    axes   of  3 

ing  at   a  distance  from  the  centre  of  inches :  sometimes  the  axes  were  im- 

rotution  equal  to  the  sum  of  the  radii  of  moveable;  at  others,  they  moved,  hut 

the  pulley   and  the  cord  :  the  friction  in  both  cases  the  friction  was  the  same: 

which  is  exerted  upon  the  axis,   and  the  proper  precautions  were  adopted  to 

which,  in  the  case  of  a  very  slow  motion,  smoothen  the  surfaces  in  contact,  and 

may  be  considered  as  making  an  equi-  thence  to  avoid  the  unceiiainty  and  i^ 

librium  with  those  weights,  is  therefore  rei^ularity  which  might  otherwise  have 

equal  to  the  product  of  those  weights  attended  the  results. 
into  the  ratio  of  the  sum  of  the  radii  of 


Table  V. — *•  Kinds  of  JVood  used  in  the  Experiments.     „   . 

to  pre>saie 

Axis  of  holm-oak,  box  of  lignum  vitee,  coated  with  Uillow         .         .  0.0S8 

DiUo  the  coating:  wiped,  the  surface  remaining  oily  •  •  0.06 

Axis  and  box  as  before,  but  used  several  times  without  having  (hel  0.06 

coatina;  refreshed .         .        j  0.08 

Axis  of  holm-oak,  box  of  elm,  coated  with  tallow     ....  0.0^ 

Ditto,  both  axis  and  box  wiped,  surfaces  remaining  oily  .  0.05 

Axis  of  box-tree,  box  of  lignum  vitie,  coated  with  tallow  0.0  43 

Diuo,  the  coatinjjr  wiped,  the  A>urfaces  remaining  oily  .  0.07 

Axil  of  box-tiee,  b<»x  of  elm 0.0S5 

Ditto,  the  coating  w  ipi'd  oil         ........  0.05 

Axis  of  iron,  box  of  lignum  vita*,  the  coating  wiped  off,  and  the 7  ^^  ^. 

pulley  turned  for  some  lime y 

**  The  velocity  does  not   appear  to  M.  Coulomb  inquired  whether  wih  a 

m'luence  the   iriction   in  any  sensible  finite  velocity  the  resuit  ing  effect  of  the 

manner,  except  in  the  first  instants  of  stiffness  of  the  cord  were  augmented  or 

motion  :  and  in  ever)'  case  the  friction  diminished.     For  this  purpose  he  took 

is   least,  not   when   the    surfaces    are  a  pulley  and  box  of  copper,  and  an  axis 

plastered    over,    but  when    they    are  of^iron  done  over  with  tallow  :  the  dia- 

merely  oily.  meter  of  the  pulley  was  144  lines,  and 

'*  The  experiments  on  the  stiffness  of  that  of  the  axis  20^  Unes,  and  the  card 

cords  already  described,  were  made  in  was  one  of  30  threads  to  a  yam,  or  Na 

cases  of  motions  nearly  insensible ;  but  3,  of  which  the  stifihess  with  reapeot  to 


iMMMiUe  vdoutia  wta  deterained  by  to  run  over  a  didanee  of  0  het,  tad  ttw 
■omeafthefDregcnngexperimentB.  ThE  timei  of  detcribinf;  the  flnt  thne  nnd 
•nauiiiK  tkble  ihowf  the  remit*  of  the  the  lost  three  feet  were  measured  by  a 
' '~;  the  weight)  were  nude  half- leeond  pendulum. 


3S 

AMi- 

P.no( 

Molisii  of  Ac 
Ihe  ftUrf. 

Fmnn 

W.L»t,l 

Kills 

fror^llu 

nlinidfl] 
fiDin   ir. 

p.u.7. 

ihr  (fd- 

X 

■ 

»iJilV. 

T-'ir' 

Ibi. 

ih.. 

Ibi. 
7.S 

SlovrnndcnTiMiitietl. 

Ibi. 

131 

Ih.. 

Ibi. 

4.9 

Ibi. 

100 

llaitsra-t  ID   U' 

T.8 

/HmSfwi  ina' 

tlailSfrelin  14' 

11 

11 

Slow  and  uncerisin. 

4«S 

1.9 

e  1 

100 

15 

1J.9 

(Hr.lSf«t,ne' 

jHr.«Sfeelin3J' 
llaitSfeelin  ]J' 

[M.. 

JIt.S 

SI0.C  and  unrtTinin. 
(  flwl  »  t(¥(  iiiB' 

834 

B.T 

10.9 

M.8 

too 

BOO 

iT.e 

HI. 3 

(  iBitSfert  In  .1' 
t  ttnt  X  feft  ii>  s' 
(  \aM  HTwI   in  S' 
Uouhirul&  continued 
t  Unl  »  feel  in  fl' 

1235 

U..1 

IT.O 

IT.O 

SI.  5 

(  iMt  .1  feet  in  S^' 

"  It  appeared  in  the  Table  III.,  that 
to  bend  t>ie  conl  No.  3,  of  30  Ihreads 
ina>'ani,  ahoul  a  roller  of  12  inches 
diamelrT,  and  with  a  tension  of  5U0  lbs., 
would  rwiiiire  a  iveiirh.t  of  14.4  lbs. ;  of 
4rhicl)  weiljht  the  constant  part  diiL-  to 
the  fabrication  of  Ihe  cord  is  about 
1.4  lbs;  this  value  may  be  retained,  but 
it  will  be  here  properlo  reduce  the  part 
due  tn  Ihe  tension  of  the  cord  bv  Ihe 
quintal  to  i  {14.4— 1.4)  =  1  >il(J  =  3B  lbs. 
From  these  data  Ihe  last  column  to  the 
right  of  llLe  above  table  was  computed." 


(3S.)  Ox  the  subjects  of  friction  and  the 
riifidity  of  cordage,  we  are  not  able  to 
direct 'the  student's  attention  to  any  ex- 
cept those  to  which  we  have  occasion- 
mlly  referred  in  the  preceding  treatise. 
Tlie  moat  extensive  inveitit^tions  on  the 
■utg'ect  are  thoae  of  Coulomb,  contained 
in  UM  tenth  volume  dt*  Memoiret  det 
tanm*  itrwigera. 

A  ■Moiotr  on  ftietion  by  Ximmui 


(Terria  r  Pentiea  tklh  Be*i»l.  dt  tot 
tie'  loro  Allr.  Piia,  1782),  may  also  be 
considted. 

In  the  second  volume  of  the  Pelen- 
burek  TVanmc/fonf,  there  is  a  memoir 
on  friction,  by  Buljinger.        • 

In  Ihe  transactions  of  the  Frtnck 
Acadetm/,  1 7 S9,  there  is  a  papa-  on 
friclion  1^  Permnut, 

The  memoirs  t>y  Professor  Vinet, 
wilh  his  theory  of  faction,  will  be  found 
in  the  75th  vol.  of  the  PhiloK^iral 
Trmuaeti'int,  and  also  in  Tilloeh't  Phi- 
losophiail  Magatinf,  Nos.  C5,  CG. 

In  the  latter  of  these  numbers  will  be 
found  an  BCfount  of  a  aeries  of  expert* 
.nents  instituted  by  Mr.  John  Southern, 
of  Birmingham,  an  ingenious  engineer. 
TTiese  experiments  were  institute  with 
mills  turning  grindstones,  and  the  ob- 
ject was  to  corroborate  Ihe  principle, 
that  friction  is  an  uniformly  retarding 
forre.  "  TTiese  experiments,"  says  Dr. 
Gregory,  "  are  the  more  worthy  of 
notice,  as  they  were  made  on  hawy  ma- 
chineiy  with  considerable  Tartation  of 
velocity  ol  the  rubbing  sur&ce,  and 
great  ^aeei  tubbed  ow  :  tlie  weight 


ij 
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which  caused  tlie  friction  beings  upvnrds  that  in  favourable  casfes.  it  does  not  ex* 

of  33  cwt,  the  velocity  of  the  rubtiing  ceed  the  fortieth  part  of  the  pressure  or 

surfaces  foiu*  feet  per  second  at  the  weic^ht  that  occasions  it." 

ereatest,  and  the  length  of  surface  rub-  A  memoir  by  Coidumb,  on  the  friction 

bed  over  about  1 000  feet  at  a  medium,  of  pivots,  will  bejfound  in  the  Memain 

These  experiments  seem  to  confirm  the  o/ihe  French  Academy  for  1 790. 

opinion,  that  friction  is  an  uniform  re-  A  veiy  instructive  digest  of  all  that 

sistance,  at   least,  where  the  nibbing  has  been  done  towards  establishing  a 

surface  moves  with  a  velocity  of  fix>m  theory  of  friction,  will  be  found  in  the 

nine  inches  to  four  feet  per  second ;  second  ^lume  of  Z>r.  Gregory*9  Treaiim 

and  Mr.  Southern  concludes  from  them,  on  Mechanics, 
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Chapter  I. 

itioris — Nature  of  Fluids. 

ATics    is   the   science  which 

the  pressure   of   watery  or 

ids;  Hydraulics  treats  of  their 

a.ncl  Pneumatics  treats  of  the 

and    motion   of  the   air  and 

it  elastic   fluids  of  a  similar 

lese  words  are  derived  from 

k   tonjrue,   which   being  well 

cjombine  words  tos^ether,  and 

D  express  the  union  and  the 

of  ideas,  has  been  very  <2:ene- 

for  scientific  names.    Hydro- 

)mes   from   two  Greek  words 

nify  the  stopping  or  bahmcing 

;   hydraulics  from  two  words 

water  and  a  pipCy  referring 

ovement  of  water  in  certain 

istruments  used  by  the  Greeks ; 

matics  from  a  word  denoting 

air;  and  these  three  branches 

are  intimately  connected  with 

r.      Tlie  whole  science  of  li- 

watery  fluids,  comprehending 

Irostatics  and  Hydraulics,    is 

s  called  Hydrodynamics,  from 

words  for  water  and  power  or 

.ve  make  the  division  of  fluids 
y  or  licpiid,  and  aeriform,  or 
ve  an*anu^e  them  more  accu- 
n  if  we  used  the  old  distinc- 
non-olastic  and  elastic ;  for 
le  ai' rife  mi  fluids  are  much 
tic  than  the  wateiy,  the  latter 
nu'ans  without  elasticity.  It 
e  time  belitved  that  they  were 
ithout  it ;  and  could  not  be 
.^d,  or  made  to  occupy  a  smaller 
bein^r  squeezed.  A  society  of 
men  in  Tuscany  (the  Academia 
mto  of  Florence)  made  an 
it  which  was  for  a  long  while 
to  prove  this.  They  filled  a 
lU  of  thin  beaten  gold  with 
J  placing  it  in  a  press  or  vice, 
ied  a  great  force  to  squeeze 


it :  by  altering  the  shape  of  the  ball, 
the  pressure  made  the  water  ooze 
through  the  pores  of  the  gold,  and 
stand  in  drops  on  its  surface.  But 
although  this  only  proved  that  the  water 
was  not  easily  compressible,  it  did  not 
shew  that  no  force  could  change  its 
bulk ;  and '  Mr.  Canton  afterwards 
proved  that  liquids  are  in  some  degree 
compressible,  and  therefore  elaitic. 
His  experiment  was  very  simple,  and 
quite  decisive.  He  observed  the  height 
at  which  water,  previously  well  boiled, 
and  some  other  liquids,  stood  in  a  glass 
tube,  in  the  air ;  and  then,  by  means 
of  an  air  pump,  he  removed  the. air :  he 
found  the  liquid  rose  in  the  tube, 
so  that  the  weight  of  the  air  must 
before  have  compressed  the  liquid,  or 
made  it  fill  a  smaller  space.  It  was 
found  that  the  weight  of  the  air  com- 
presses rain  water  about  1 -22000th  of 
its  bulk,  or  makes  it  shrink  about  one 
part  in  22000 ;  olive  oil,  about  one 
part  in  21000  ;  spirit  of  wine,  one  part 
in  15000,  and  mercury  only  one  part  in 
33000. 

By  Mr.  Perkins's  late  experiments,  it 
should  seem  that  water  is  more  com- 
pressible than  those  older  observations 
indicate.  It  had  always  been  remarked, 
that  when  a  bottle,  filled  with  water, 
and  corked  tight,  was  plunged  to  a  great 
depth  in  the  sea,  the  water  in  the  bottle 
tasted  salt  on  bringing  it  up,  as  if  the 
cork  had  been  forced  in  when  it  was 
under  water.  He  therefore  constructed 
an  instrument  to  ascertain  how  far  the 
cork  is  forced  in.  He  made  a  hollow 
cylinder  of  brass,  water-tight,  with  a 
rod  moving  in  the  toivthrough  an  air- 
tight and  water-ti^ht  hole,  and  on  this 
rod  he  put  a  spring  ring,  which  re- 
mained fixed  at  any  point  at  which  it 
was  placed.  Over  the  whole  he  screwed 
a  cover  or  cap,  to  protect  the  rod,  but 
drilled  with  holes  to  let  in  the  water ; 
he  filled  the  cylinder  with  water,  and 
plunging  it  five  Yvwxidr^A.  I^^Oevotcvs  ^'t^^^ 
he  found  thai  t\ve  tm^,  viXv^xv  >^^  \tw- 
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strument  was  brought  up,  stood  eight 
inches  high  on  the  rod.  The  rod  there- 
fore had  been  forced  eight  inches  into 
the  water  in  the  cylinder,  when  at  the 
deepest.  The  pressure  upon  the  rod 
was  about  tliirteen  hundred  pounds; 
the  surface  of  the  end  of  the  rod  about 
one-ninth  of  the  surface  of  the  water 
in  the  cylinder,  and  the  cylinder  two 
feet  long;  the  water  must  therefore 
have  been  forced  by  the  rod  into  a 
space  less  than  its  whole  l)ulk  when 
uncompressed  by  3^,  or  one  twenty- 
seventh  part  of  tliat  bulk. 

That  watery  fluids  have  some  elasti- 
city is  indeed  so  plainly  proved  bv*  every 
day's  experience,  and  by  simple  facts,  as 
to  occasion  some  wonder  at  the  contrar}' 
ever  having  been    asserted   upon  the 
authority  of  any  one  experiment,  espe- 
cially when  that  was  of  a  somewnat 
complicated  nature,    and  in  itself  far 
from  conclusive.    The  common  play  of 
making    ducks    and    drakes,  that    is, 
throwing  a  flat  stone   in  a  direction 
nearly  horizontal  against  a  surface  of 
water,  and  thus  making  it    rebound, 
proves  the  water  to  be  elastic ;  and  a 
mnsket-ball  when  so  fired  flies  up  in 
like  manner,  after  striking  the  water. 
But  you  have  only  to  pour  water  into 
an  empty  basin  to  be  convinced  of  its 
elasticity ;    the    first   water  that   falls 
sparks  about,  flying  up  from  the  ba- 
sm,  and  then  what  falls  on  the  surface 
of  tlie  water  which  has  been  poured  in 
will  not  fly  so  much  up,  because  the 
water   is  much   less   elastic  than   the 
basin ;    and  on  a  jrlass  it  will  fly  still 
more,  glass  being  the  most  elastic  body 
we  know.    But  a  piece  of  suet  or  putty, 
or  any  other  non -elastic  body,  will  not 
rebound  even  from  glass. 

Chapter  II. 

Fundamental  Principle  of  equal 
Preasure. 

All  the  particles  of  fluids  are  so  con- 
nected together,  that  they  press  equally 
in  every  direction,  and  are  equally 
pressed  upon:  each  particle  presses 
equalljr  on  all  the  particles  that  sur- 
round it,  and  is  equally  pressed  ujion 
by  these ;  it  equally  presses  upon  the 
solid  bodies  which  it  touches,  and  is 
equally  pressed  upon  by  those  bodies. 
From  this,  and  from  their  gravity,  it 
follows,  that  when  a  fluid  is  at  rest, 
and  left  to  itself,  all  its  parts  rise  or 
Ml,  so  as  to  settle  at  the  same  level,  no 
part  standing  ahoYC  or  sinking  below  the 


rest.  Hence  if  we  pour  water  or  any 
other  liquid  into  a  tube  (or  pipe)  bent 
like  a  U,  it  will  stand  at  the  very  same 
height  in  both  limbs.  Nor  does  it  make 
any  difference  if  one  limb  is  wider  than 
the  other.  For  suppose  we  knock  off  the 
bottoms  of  a  quart  bottle  and  of  a  phial, 
and  plunge  them  upright  in  a  trouirh 
of  water,  A  B  C  D  {Jig.  1.)  ;  the  water 
will  enter  both  the  phial  and  the  bottle, 
and  stand  at  the  same  level  in  both, 
being  the  same  with  the  level  of  the 
water,  F  G,  outside  the  glass,  or  of  the 
water  in  the  trough  before  tlie  bottle 
and  phial  were  placed  in  it.  Suppose 
we  join  the  bottoms  of  the  two  by  a 
tube,  K,  passing  from  one  to  the  othfr 
in  the  water,  uid  inclosing  so  much 
water;  this  will  make  no  difference  in 
the  level  of  the  water  either  in  the 
bottles  or  in  the  trough  generally.  So 
if  we  solder  this  connecting  tube  to 
the  two  upright  ones,  so  as  to  make 
the  joinings  water-tight,  and  thus  to 
form  one  vessel,  H  K  I,  this  can  make 


no  difference  on  the  level,  F  6,  of  the 
water:  then,  if  we  remove  the  vessel 
thus  formed  from  the  trough,  the  water 
must  stand  in  it  exactly  as  it  did  when 
in  the  trough,  because  it  is  manif(^y 
impossible  that  it  should  make  any 
difference  to  the  water  inside  the  bottle, 
whether  there  be  water  on  the  outside, 
or  only  air;  and  the  water  will  stand 
as  high  in  the  wide  bottle  as  in  the 
nanow  phial.  In  like  manner,  if,  in- 
stead of^  filling  the  bottles  by  plungini: 
them  in  the  full  trough,  we  pour  water 
into  them  when  emp^,  and  standing  in 
the  empty  trough,  and  at  the  same 
time  we  pour  water  into  the  trough, 
the  water  will  stand  equally  high  in 
both  bottles :  and  so  if  we  only  pour 
it  into  the  bottles,  and  not  into  the 
trough  at  all,  or  into  the  1)ottles  with- 
out any  trough ;  because  it  can  make 
no  difference  to  the  water  inside  the 
glass,  whether  there  be  any  outside 
or  not,  there  being  no  communicatjoa 
whatever  between  the  inside  and  out- 
side.' GeneraJJv,  then,  and  iu  eveiy 
case,  if  there  be  two  tubes  or  limbi 
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net  diBtrent  their  width  may  be,  a    sune  level,  knd  thiis  n  portion  of  fluid, 
fluid  poured  into  ttaoD  will  lUnd  at  the    however  amaU,  as  B  D,  (J!g.  2.)  wiU  re> 


aiit  the  pressure  of  a  portion,  howevDr  the  size  of  the  two  portions  make  any 

large,  u  A  C  E.  and  balance  it ;  for  if  difference ;  the  mass,  A  E  0,  will  be 

thu  small  did  not  balance  the  liii'i^L' por-  supportnl  by  the  mass,  U  D.  however 

tion.   it  would  be  forced  upwards  and  unequnl  in  hulk,  and   howi^ver  unlike 

rise  above  B,  so  an  to  run  over  tlie  in  form,  the  tine  A  E  B  bvin:;  the  level, 

nioiith  of  the  tulie,  and  Ik-  hiccher  tliiin  Thus,  if  A  B  (jig  3  )  a  saiaH  upright 

the  level,  A  B.    Neitiicr  the  shape  nor  tube.  C  D  a  hirge  one  aUo  npriirht. 


hi  F  a  sU[itine  one,  G  H  a  crooked 
one,  and  a  cloDular  one  1  K.  are  all 
fixed  in  the  vessel  W  P,  so  as  to  eom- 
niiinicMte  with  it,  and  by  means  of  it, 
with  each  other,  water  or  any  other 
hc)uid,  beins  poured  into  them,  will 
rtand  at  the  same  heiicht  in  them  nil, 
or  have  the  Mme  level  line,  S  T  U  V. 

Frcin  these  consiilerations  two  most 
important  concluaions  follow,  derived 
both  from  reasoninft,  and  from  innume- 
rable fac!*  of  daily  occurrence.  The 
one  in,  that  water,  tnoutrh,  when  uncon- 
llned,  it  never  can  rise  above  its  level 
at  any  point,  and  never  can  move  up- 
ward a,  will  yet.  by  being  confined  in  pipes 
or  close  channels  of  any  kind,  rise  to  the 
heieht  from  which  it  came,  that  Is,  as 
hixfa  aa  its  source ;  and  upon  this  prin- 
ciple depend  all  the  useful  contrivances 
(or  oonveyin^  water  by  pipes,  in  a  way 
br  more  easy,  cheap,  and  effectuni 
than  thofi?  vast  buildings,  called  aque- 
durts,  by  which  the  ancients  canied 
their  supplies  of  water  in  arlificia] 
lirtrw  aver  aivhea  /or  luany  miles.     It 


is  evident  that  the  stream  must  have 
been  ninnins  donn  all  the  way,  and 
conseqitenlty  that  a  fountain  could  in 
tills  manner  never  supply  any  plaee 
at  Ihc  same  or  nearly  Uie  same  height 
with  itself.  The  othiT  eom-lusion  is 
not  less  tnie,  but  far  more  extraordi- 
nary, and  indeed  startling  to  our  be- 
lief, if  we  did  not  consider  tlie  reason- 
ins  upon  which  it  is  founded:  it  in. 
that  the  pressure  of  the  water  upon 
any  object  against  ivhieh  it  comes,  any 
vessel  which  contains  it,  or  any  space 
upon  which  it  rests,  is  not  at  all  in 
proportion  to  the  body  or  bulk  of  the 
water,  hut  only  to  the  siie  of  the 
surface  on  or  against  which  it  pressca,  - 
and   its   own   height  above  that   sut^ 

This  follows  immediately  fh>m  the 
foregoing  explanation  and  reasoning. 
For,  suppose  the  communication  be> 
twecn  the  two  limbs  of  the  tube,  GDI, 
is  cut  off  at  F  IJig.  4.).  the  body  of 
waterman  be  mM4\ottTA.'mftv»i\vn*ri 
G  K ,  wKilc  it  n.rae,\na  tA  W  \tv  VW  iAYw 
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'imb;  turn  the  Ktiip-cock  F,  nnd  the 
water  will  sink  a  llllk'  in  the  wide  limb. 


and  one  inch  In  bore  (or  diameter},  be 
filled  with  water,  and  plunfred  •into  a 
spare,  C!  D  E  F.  three  iWt  square  and 
half  an  inch  deep,  likewise  filled  with 
water,  there  will  stand  in  A  B  and 
C  D  F  E  toEcether  only  about  thiil};- 
seven  pounds  troy  of  water ;  yet  this 
water  will  press  in  all  direftiona,  dowh- 
wards,  upwards,  and  sideways,  with 
the  same  force  as  if  the  whole  sp<u.t 
A  D  0  B  were  filled  nilh  wafer,  that  is, 
as  if  there  were  five  tons  of  water 
standini;  on  B  C. 
uui  rise  to  the  same  level,  I,  in  the  The  equal  pressure  of  fluids  in  evenf 
narrow  one:  in  like  manner,  while  the  ""'ection,  is  dlustrated  \vj  many  toj 
obslniction  remains,  you  may  raise  simple  experiments.  If  n  weiRht  of  a 
Ihe  watiT  to  I,  and  if  it  be  remiiv.d.  if  P'*""''  «"■  '""  '«  P'"''«i  "f  °"  «  '^"' 
will  fall  in  B  D.  while  in  A  K  it  will  plu'e  "f  «!»*«•  >t  Lreaks  through  Ilie 
rise  tin  it  is  cuniilly  lii^h  in  both.  So  k'*ss  unmediately,  because  all  tlit 
that  the  small  tiuanlity  I  B  balances  pressure  is  from  aboM' ;  but  if  the 
the  lanre  quantity  GAEH,  ktause  glass  w  laid  on  aflatsurfacesuffieienthf 
both  press  on  W\e  same  space  at  F.  and  s'^o'"-'  t<»  support  it,  the  weiitht  will 
both  are  of  the  same  height :  for  wlie-  "•«  '»*ak  the  ^lass,  provided  it  be  laid 
ther  the  two  vohiinvs  of  water  I  D  F  and  O'""?  ""•  twca'isc  there  is  a  resistance 
G  E  F  press  on  each  othi-r,  or  on  some  ""  'he  under  side  equal  to  the  pressure 
surface  plaeed  between  them  at  F,  can  on  theupp.T.  If  the  glass  plate  is  mude 
make  no  difference;  if  they  balance  the  l>ottomof  acistem,  and  a  sutfieient 
each  other  it  is  because  tliey  press  weiirht  of  water  poured  m,  it  will  break 
equally:  they  therefore  press  equally  the  glass  m  the  same  way;  hut  if  the 
on  the  same  plate  or  othtT  solid  Iwdy  P'«'e  ''«  ■sAaxcA  m  a  cistern,  however 
placed  Isitwi-en  them ;  and  in  like  men-  ^I'f .  so  that  there  may  be  water  on 
ner  two  volumes  of  water  quite  unran-  l*"'"  S'<li's  of  it,  however  thin  the  ela,« 
nected  and  standing  upon  diU'erent  ho-  miy  be,  it  will  not  be  broken.  Sup- 
dies,  whatever  the  bulk  of  water  may  pow  'he  glass  is  a  foot  square,  and 
Iw,  press  upon  an  equal  extent  of  siir-  "  placed  twelve  feet  deep,  and  is  u 
face,  wilh  a  weight  proportinucd  to  llie  """  "»  "  P't'C'-'  "*"  "i'-'  fines'  cambric 
height,  and  not  at  all  lo  the  bulk  of  the  pi>P«r,  so  that  the  weiL'ht  of  a  few 
water.  Hence  tlteirenenilrule  forest!-  gmins  would  break  through  it  in  the 
matiiii:  ilie  pressure  of  any  fluid  is,  to  "'•■ ;  't  "^'H  support  a  weight  of  Iwehe 
multijily  the  height  of  the  flnkl  Iw  the  cubic  fi-et  of  water,  or  nearly  seven 
extent  of  the  surface  on  which  it  stands,  hundnd  weight,  without  lieini:  brokeo, 
and  the  product  gives   a  mass   which     cnished.  ur  iTacked ;  or  if  the  cistern 

Sresses  with  the  same  weii;ht  as  the  be  filled  with  mcn-un-,  the  film  of  pliH 
uid  standing  on  that  surface,  however  '*i"  supwirt  a  wc>ii;hl  of  above  four 
shcJlowitmaybe.  jirovidedanvjHirtinn  tons  and  a  half  without  any  injury. 
=■•  "ippoiletl  at  the  hei"-bt  bv  a  tul>c  This  could  only  happen  by  the  pressure 
'  '      ■  ■-  -  ■        .    ~    .  .  of  he  fluid  being  exactly  the  same  up- 

ards  and  downwards,  and  in  all  di- 
ne ions.  So  if  a  force  is  B]>plied  (o 
11  c  water  for  the  purpose  of  (iri'Stin!! 
t  however  great  the  force  may  be 
I  eh  is  thus  eonvi-ycd  through  tlw 
I  (  id  1o  the  solid  plunged  in  it,  thoucli 
tl  t  solid  be  an  egg.'or  an  egg-shell 
fill  d  with  water,  or  a  piece  of  the 
fincit  spun  glass,  or  a  spider's  web,  the 
1  ape  will  remain  whollv  unchanged  b« 
the  jiressure  aiiplicd.  Tliis  is  some^ 
t  nes  illustrated  still  Airlber  by  «  CU- 
nous  exiK'rinicnt.  An  egi;  and  a  piece 
ol  veTN  v)^  ■»«.-«  m  \>W<cil  nt  a,  ntid- 
dcT  tiVle>\  vi'A\i  <K«.VeT>  vci^Wa'tt,^fMaA 


HYDROSTATICS. 


in  a  box,  so  as  to  touch  its  sides  and 
bottom ;  then  a  brass  plate  is  laid  loosely 
upon  the  bladder,  and  a  hundred  poundfs 
weight  or  more  is  laid  upon  the  plate ; 
the  wax  and  the  e^  thoufi^h  pressed  by 
the  water  with  this  weight,  yet  being 
pressed  equally  in  all  directions,  are 
not  in  the  least  either  crushed,  or  al- 
tered in  shape. 


Chapter  III. 

Consequences  of  the  Principle — Hy- 
drositUic  Paradox — Levelling, 

It  is  a  consequence,  or  rather  another 
example  of  the  same  principle,  that  if 
you  poise  in  a  balance  a  pitcher  full 
of  water,  by  loading  the  opposite  scale, 
and  then  hold  in  the  pitcher  a  block  of 
wood,  or  any  other  substance  nearly 
the  size  of  the  pitcher,  but  so  that  it 


shall  not  touch  its  sides  or  bottom, 
although  almost  all  the  water  will  thus 
have  been  made  to  run  over  the  sides, 
and  only  a  spoonful  may  remain,  yet  the 
scales  will  continue  balanced  ;  and  this 
without  any  regard  to  the  weight  of  the 
body  plunged  into  the  water,  aiid  though 
you  hold  it  entirely  clear  of  the  pitcher, 
so  that  it  touches  it  in  no  place ;  for 
the  eifect  will  be  the  same  if  what  you 
plunge  in  be  scooped  hollow,  and  made 
water-tight,  so  as  to  displace  the  greater 
pai-t  of  the  water.  A  bladder  blown 
up,  and  tied  fast,  for  example,  and  held 
down  in  the  water,  so  as  to  leave  only  a 
spoonful  surrounding  it,  will  keep  the 
'scales  balanced  just  as  well  as  a  block  of 
lead  the  same  size.  Thus  if  E  F  (0g,  6.) 
be  a  balance  with  two  scales  E  and  F, 
you  may  put  a  jar  of  water  A  in  one  of 
tlie  scales  F,  and  balance  it  with  weights 
in  the  other  scale  E.    Then  pour  out 


all  the  water  but  an  inch  or  two  at  the 
bottom,  so  that  it  stands  at  B  instead 
•f  A,  as  in  the  jar  B ;  the  weights  in 
E  will  be  much  too  heavy  for  it :  now 
take  a  crooked  piece  of  wood  G  H  I, 
and  place  it  so  that  the  thick  part  I  is 
plunged  to  near  tlie  bottom  of  the  jar, 
and  make  the  water  rise  from  b  to  a, 
as  high  as  it  stood  before  in  the  full 
jar  A ;  the  scale  F  will  again  balance 
the  weights  in  the  scale  E,  although 
there  is  only  the  small  quantity  of  water 
in  it  that  surrounds  the  ulock.  And  this 
does  not  depend  on  the  weight  of  the 
block  I,  which  is  entirely  supported  by 
the  stand  G  K  ;  for  whether  it  be  made 
of  wood  or  lead  or  card,  the  water,  if  it 
stands  as  high  round  it,  balances  the 
same  weight  as  before.  An  easy  way 
of  trying  this  is,  by  putting  a  tumbler 
full  of  water  in  one  scale,  and  balancing 
it  with  weights  in  the  other,  then  pour- 
ing out  all  but  two  or  three  table- 
spoonsfuU ;  the  scale  with  the  weights 
wiD  ofcoiuse  sink;  hut  if  you  now 
p'jt  M  smaller  empty  tuiabU:r  in.  the 


other,  so  as  to  make  the  water  rise 
round  it  to  the  brim,  still  holding  it 
when  immersed,  the  balance  will  be 
restored ;  and  the  small  tumbler  will 
not  make  the  scale  weigh  heavier  if  it 
be  tilled  with  lead-shot;  nor  will  it 
make  the  scale  lighter,  if,  instead  of 
glass,  the  smaller  tumbler  is  made  of 
thin  wood  or  card. 

There  is  yet  another  way  of  illustrating 
the  effects  of  this  property  of  fluids. 
We  have  seen  how  the  displacing  of  any 
portion  of  a  fluid  by  a  fixed  solid,  what- 
ever be  the  weight  of  the  solid,  produces 
no  difference  in  the  weight  of  the  fluid, 
provided  it  stands  at  the  same  height  as 
before ,  and  how,  raising  the  height  of 
the  fluid  by  plunging  a  solid  into  it,  in- 
creases its  pnssure,  or  apparent  weight. 
If  the  fluid  is  raised,  by  pressing  or 
forcing  it  upwards,  in  however  thin  a 
column,  provided  the  vessel  be  kept 
full,  and  closed  in  all  directions  AVv^\ft«^* 
sure  of  the  fluid  Y{\\\\i^vw;T^«A^i^VLw\ 
Uie  apparent  YreVg\\V  oi  ^^  n  ts-a^vi'^^*^ 
increased,  al\]hou^  tvoV>\vcv^  \n\v^\«^« 
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either  solid  or  fluid,  is  added  \o  it.  a  rod  E  K  fixed  to  a  plate  F  6,  moviitf 
The  cylindrical  vessel  A  B  C  D,  {fig.  7.)  up  and  down,  water-tight,  m  the  Tessel, 
has  a  tube  Hclosdy  fitted  into  its  top,and    which  is  supposed  fixea  to  the  frame 


AM.  The  plate  being  at  the  bottom  C  D, 
water  is  poured  into  the  vessel,  so  that 
i«.  rises  nearly  to  AB,  but  does  not  rise 
in  the  tube.  It  is  then  balanced  by  a 
weight  in  the  scale  L.  If  the  rod  E  K 
is  drawn  up  so  as  to  raise  the  plate,  and 
force  some  of  the  water  into  the  tube, 
the  water  will  seem  to  weigh  more 
than  it  did  ;  and  to  restore  theoalance, 
more  weight  must  actually  be  put  into 
the  scale  L.  If  the  vessel  is  three  inches 
diameter,  every  inch  that  the  water 
rises  in  the  tube  will  require  more 
than  four  ounces  to  be  added  to  the 
weight,  whatever  be  the  bore  of  the 
tube;  for  the  pressure  of  the  water 
in  all  directions  will  be  mcreased  by 
the  weight  of  a  body  of  water,  whose 
height  is  the  height  of  the  water  in  the 
tube,  and  whose  base  is  the  extent  of 
the  surface  of  the  water  pressing  on 
the  top  A  B  of  the  vessel.  Now  the  top 
being  three  inches  diameter,  its  surface  is 
about  7-^  square  inches ;  and  a  portion 
of  wa^r  one  inch  high,  and  7^  square 
inches  broad,  is  7^  cubic  inches  of  wa- 
ter, which  weigh  about  four  ounces. 
Thus,  raising  the  rod  a  foot  will  add 
three  pounds  to  the  apparent  weight  of 
Ihe  water. 

This  principle,  from  its   extraordi- 
naty   illustrations,   is  called  the  Hy- 
tirostafical  paradox ;  paradox    being 
a  word  from  ihe  Greek,  and  signifying 
aomvthing,    ivhich,    though    true,  ap- 


pears when  first  considered  to  be  un- 
true. When  we  are  told  that  any  quan- 
tity of  water,  however  small,  may  be  so 
employed  as  to  balance  any  quantity 
of  water,  however  great,  we  are  at  first 
startled  t>y  the  apparent  impossibilit}'  of 
the  statement.  But  when  we  come  to 
examine  it  more  closely,  we  find  it  to  l)e 
accurately  true ;  for  the  small  tube  in 
the  foregoing  figures  may  be  made  ever 
so  narrow,  and  to  hold  ever  so  little 
water,  while  the  wide  tube  coamuni'- 
cating  with  it  may  be  made  ever  so  laiv«> 
and  holding  ever  so  much  water ;  and 
the  level  at  which  the  water  stands  in 
both  tubes  will  be  the  same.  So  in  the 
scales  you  may  plunge  as  large  a  body 
as  you  please  inte  the  vessel  of  water, 
and  leave  as  little  water  in  the  vessel  as 
possible ;  still,  if  what  you  leave  stands 
as  high  as  the  whole  quantify  stood, 
it  will,  by  weight  and  pressure  together, 
produce  as  much  effect  as  the  whole 
quantity  of  fluid. 

Every  thing,  under  these  dreum- 
stanees,  depending  upon  the  height 
and  the  surface,  and  very  little  upon 
the  bulk  of  the  fluid,  we  may  easily 
perceive  what  mischief  may  be  done 
vy  a  very  small  quantity  of  water, 
if  it  happens  to  be  applied  or  distri- 
buted, so  as  to  stand  high,  in  howenr 
thin  abod^  or  column,  and  to  rareftdonr 

a  wide  bxil  coxv^tv^dL  wnA.  idnai^&Kpn  «0Ma. 

Suppose  \)^^\,  Sxv  ^TiL>}  \)>x^diiffi%«  v««| 
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snuJl  quantity  of  water  has  settled, 
and  is  confined  to  the  extent  of  a  square 
yanl  on  the  ^jjound  near  the  founda- 
tion, and  suppose  it  to  fill  up  the  wliole 
▼acant  s])ace  or  crevice  of  no  more  than 
half  an  inch  deep,  between  the  ground 
and  some  part  of  the  masonry ;  if  you 
take  atui)e,  however  slender,  of  twenty 
feet  ion^,  and  thrust  it  down  into  the 
water,  and  then  fill  it  with  water  from 
above,  you  apply  a  force  or  pressure 
of  above  five  tons  under  a  space  of  only 
a  yard  square  of  the  building,  and 
destroy  it  as  easily  as  if  you  had  mined 
it  with  ^npowder.  Tliis  may  be  easily 
tried  with  a  hogshead  or  butt  of  water, 
or  any  other  liquid,  by  fixhig  a  small 
strong  pipe  in  the  hung- hole,  and 
pouriiig  water  through  it;  when  the 
water  rises  in  the  pipe  to  a  sufficient 
height  (and  this  will  be  more  or  less 
according  to  the  stren^h  of  the  barrel), 
the  barrel  will  burst,  although  but  a 
/ery  small  quantity  of  water  may  have 
oeen  poun^  into  the  pipe ;  for  the 
pipe  may  be  of  an  extremely  small  bore. 


its  width  being  wholly  immaterial.  One, 
twenty  feet  long,  was  found  to  burst  a 
hogshead  with  great  violence. 

The  same  efrect  may  be  produced 
naturally  by  the  rain  falling  into  and 
filling  some  long  narrow  chink  that 
maj  nave  been  left  in  the  walls  of  a 
building,  or  may  be  made  by  its  decay 
in  the  course  of  time ;  and  whether  the 
chink  be  equally  wide  throughout,  or 
vary  in  its  size,  and  whether  it  be 
straight  hke  a  pipe,  or  crooked,  makes 
no  difference :  provided  it  is  water-tight, 
so  as  to  get  full  of  the  rain,  the  pres- 
sure will  alwavs  be  in  proportion  to 
its  perpendicular  height,  and  not  to 
its  lengtli  if  it  winds.  The  same  pro- 
cess in  nature  may  produce  the  most 
extensive  devastation;  it  may  cause 
eartliquhkes,  and  split  or  heave  up 
mountains.  Suppose,  in  the  bowels  of 
some  mountain,  (Jig,  8.)  there  should  be 
an  empty  space  often  yards  square,  and 
only  an  inch  deep  on  an  average,  in 
which  a  thin  layer  of  water  had  lodged 
so  as  to  fill  it  entirely ;  and  suppose. 


that,  in  the  course  of  time,  a  small 
crack  of  no  more  than  an  inch  in  dia- 
meter should  be  worn  fh)m  above,  200 
feet  down  to  the  layer  of  water ;  if  the 
rain  were  to  fill  this  crack,  the  moun- 
tain would  be  shaken,  perhaps  rent  in 
pieces  with  the  greatest  violence, 
being  blown  up  with  a  force  equal  to 
the  pn^^ure  of  above  5022  tons  of 
water,  though  only  about  2^  tons  al- 
together had  been  actually  applied. 
The  same  thing  would  happen  if  any 
one  on  the  spot  where  there  is  such 
%  layer  of  water  below  ground  should 
boK  down  in  sinking  a  well,  or  seek- 
ing for  a  spring,  and  then  fill  the  tube 
w2b  wmUr;  tt  ia  impossible  io  fix 
(be  Jimks  to  the  conwulsion    which 


might  ensue.  This  prodigious  powei 
however  may  be  employed  safely,  and 
even  beneficially.  In  the  operations  of 
nature,  it  is  probably  an  important 
agent,  though  it  has  not  been  suffia- 
euOy  attended  to  by  philosophers  in 
their  attempts  to  explain  natural  ap- 
pearances ;  and  it  is  capable  of  being 
apphed  advantageously  in  the  opera- 
tions of  art.  It  may  plainly  be  used 
with. great  effect  in  mining.  On  a 
smaller  scale,  and  as  a  power  in  ma- 
chinery, it  may  certainly  be  emplo3red 
far  more  extensively  than  it  has  hi- 
therto been.  A  tube  of  a  yard  long, 
acting  on  a  cavity  of  a  yard  square^ 
will  give  a  ptessMie  e<^«\\ft  ^^ni«i^^X 
of  I  of   a  Ion  «iNovi^>a^vfc»  *^  >aR^ 
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with  water ,   but  quicksilver  may  be    end  of  a  box  C  D  E  F,  open  at  the  top 

employed  instead  of  water,  and  as  it    and  on  one  side.    The  tube  is  bent  at  B, 

IS  between  thirteen  and  fourteen  times         ^^^^  jig,  9. 

heavier,  we  shall  have  a  power  of  ten 

tons,  by  the  use  of  a  tube  and  a  few 

pounds  of  mercury ;  and  in  like  manner 

the  power  of  a  ton  weight  may  be 

obtained  within  the  space  of  a  square 

foot  in  breadth,  by  a  tube  a  little  less 

than  three  feet  lone:,  and  of  tlie  bore  of 

a  common  goose  quill. 

The  instniment,  or  rather  p'^iything, 
called  the  Hydrostatic  Bellows,  is  con- 
structed upon  the  same  principle.  It 
consists  of  two  boanls  attached  to  on.e 
Another  by  leather,  going  all  round 
them,  and  making  the  space  within 
water-tiglit ;  there  is  np  valve  as  in  and  inserted  in  the  neck  of  a  bladder  L, 
the  air-bellows,  but  instead  of  it,  a  „  ^^.,^4^.1^  j^  l^^jj  ^  l^^^rd  O  P ,  and 
hole  is  bored  in  the  upper  board,  ^  jj^^  ^^^^  different  weight  m  ». 
and  a  pii^j  inserted,  through  which  tiirongh  a  hole  in  each  of  which  the 
water  is  poured  so  as  to  fill  the  pin  1  K,  fixed  in  the  board,  passes:  an 
space  between  the  boards.  If  the  arm  G  I,  passes  from  the  box  to  steady 
Iwards  be  a  foot  and  a  half  long,  and  ^,,g  ^^  ^^.^^^^  j^  tj^^n  poured  through 
sixteen  inches  broad,  and  you  load  the  ^  jj  ^^  j^  g^g  ^y^^  bladder,  and  the 
upper  one  with  three  hundred  weight,  ^jj^dder  is  stretched,  and  raises  the 
a  quarter  of  a  pound  of  water  poured  1,^^^^^^  ^^  ^^^^  ^^  tj^e  ^^.^^^^  rises  in 
through  the  tube,  and  nsmg  only  three  ^^e  tube,  although  the  weights  may  be 
feet  in  It,  wil  raise  the  whole  weight  ^^^^.^  ^^^^^^^  pounds,  and  the  water  in 
as  high  as  the  leather  allow's.  In  ^^e  tube  not  a  quarter  of  an  ounce, 
this  way  It  will  raise  two  stout  men ;        jj^^.  ^^^.^  ^^  ^^^^^^  ^hjg  ,r  may 

and  if,  instead  of  pouring  water  into    ^^         j^^,^^   ^^^  ^^  t   ^^^^iety  and 

the  pipe,  tlie  two  men  stand  upon  the  ^^^^^^  ^^^^^  ^^is  branch  of  art  appears 
upper  board,  and  one  of  them  blows  ^^  ^^  ^^  ^^  j^  it^  infancy.  There  has. 
into  the  pipe,  the  pressure  thus  made  however,  been  a  most  valuable  and 
upon  the  water  being  conveyed  m  cAeiy  j^j^^^nious  application  of  it  by  the  tatc 
direction,  wiU  produce  the  same  effect,  ^j^  Bramah,  in  what  is  called  the  Hy- 
and  raise  them  both.  The  smaller  the  Prostatic  Press,  by  which  a  prodigious 
bore  of  the  pipe,  the  easier  wil  they  ^^^.^  ^^  obtained,  strictly  upon  this 
be  raised,  and  hy  stoppmg  it  with  the    ,,..j„^;,,i^  ,^.;tv,  t»ip  ,rroutJ«f  L^i.    anH 


selves  niis»yu  up.      ou   wntii  »»tifr  «  common  teapot,    standing 

poured  in.  If  the  pipe  be  ever  so  small,  ^^^  ^^^^  ^^^^^^^  ^^^^  through  a  thick  bar 

and  contain  ever  so  little  ^v^ter,  pro-  ^^  ^^^^  ^^  ^^^il     ^^   he   could   clip  a 

vided  It  be  long  enough,   the  weight  j^^^,    ^^   pasteboard    with    a  paif  of 

wUl  be  raised  by  it.  ^.^ears.    The  madiine  as  most  com- 

A  more  striking  as  well  as  accurate  ^^^   ^^^^^   j^  ^hus  constructed.    E  F 

manner  of  exhibitmgthis  experiment  was  (  w^/,o.)  is  a  solid  mass  of  wood  or 

contrived  by  t  erguson.  a  man  of  great  ^^^onn',  rendered  steady  by  its  weight, 

genms,  who  from  the  humble  condition  ^^  ..  being  fixed  in  the  ground.    B 

of  a  shepherds  boy  raised  himself  to  represents  a  strong  horizontal  board, 

rank  witfi  tlie  most  useful  philosophers  n,J;^.,.able  up  and  down  in  grooves  of  the 

of  his  age.  and  composed  a  work  upon  t,,,^  ^  eights ;  and  any  substance  to  he 

the  difterent  branches  of  Natural  Phi-  ^^^^^^   ^^  broken,  fs  placed    in  the 

losophy  that  siU  holds  a  high  place  ^          ^^ove  it.      The  piston  A.  on 

aniong  the  books  which  treat  of  those  /^ich  B  rests,  moves  up  and  down  in 

sciences,  although  he  never  had  any  ^^e  hollow  cylinder  L.  and  fits  the  neck 

fuither  education  from  teachers  than  ^  ^^  ^  ^^^^  water-tight     From  the 

three  months  readmg  and  writing.    A  y^^^^^  ^uns  a  tube,  of  much  lessbort 

lube  AB*  (Jig'  0.)  IS  hxed  upright  m  the    -v» : — ■ — • 

^v\ho\x\  tTvcToaobing  too  moch  apoa  tlMpagt^  it  it 

-         -        ~~         ;^           r";       ;        -  T«vT«Hen\«dM'\V«^uVQl\X\MftnivL\tkA«strMiM 

^   ^  Am  the  tube  A  ii  eoulU  not  have  suffici«Dt  leii|\\i  ^«A\>«tuT«i»OT«^. 
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than  tbe  eylindiT  L,  havine  nt  Hie  part 
I  a  valve  openini:  towards  Ihccj'lincJer; 
and  n  is  the  lianiJlf  of  a  fori-ini;  pump 
C  II.  by  means  of  whose  piston  water 
nn  bt 'forced  iindur  the  piston  A.  K 
Rpre!«nts  another  valve  nliich,  re- 
lin-ed  from  the  pressure  of  the  aiija- 
eent  screw,  allows  the  water  to  flow 
back  ai^in  Ihrou)^  the  pipe  M  into 
the  resenoir  G,  whm  Ilit*  solid  A  is 
required  to  deseend.  Tlie  pressure 
ii^n  the  tiottom  of  Ihe  piston  at  L, 
will  be  to  the  pressure  upon  the  water 
in  H,  by  menns  of  the  oiston  rod 
C,  as  the  size  of  the  under  surface 
of  A,  to  the  size  of  the  surface  H,  or 
ai  the  section  of  that  part  of  the  cj-lin- 
Jer  orcupieil  1>y  the  respective  pistons. 
It  is  therefore  as  if  we  had  to  compare 
th«  pressure  of  water  of  the  samedepth, 
luit  on  ditt'erent  surfaces;  and  this  is  in 
proportion  to  tliu  surfaces.  If  the  pis- 
ton H  is  half  an  inch  diaineti-r,  and  the 
C}'linder  A  one  foot,  the  pri'ssure  of  Ihe 
w^ter  nn  the  liotlom  of  the  cylinder 
will  be  lo  the  ]irt'ssure  of  the  smaller 
piston  on  the  water  at  H,  as  a  square 
foot  to  a  quarter  of  a  square  inch  (Ihe 
ftreas  of  circles  beini;  as  the  squares  of 
their  diaiueters),  that  is,  as  1-1-1  square 
inches  to  a  qaiurlvr  of  a  square  incli, 
io-  at  S7»  to  I;  atid  t/iereforc  if  the 
vfMloa  irelght  be  givtn  by 


means  of  Ihe  lever  D.  the  cylinder  A 
will  be  moved  upwards,  and  oe  forced 
or  pressed  ajtainst  whatever  is  platted 
in  the  space  above  it,  with  theweu;ht  of 
576  tons.    It  is  evident  that  this  power 

sed   without    """" 

than  the  stren^h 
iL'i'ials,  either  by  machinery,  which 
will  increase  the  force  upon  the  water 
in  the  pump  C  H  ;  or  liy  increasing  the 
disproportion  between  the  diameters  of 
the  two  pistons,  or  b)'  both.  Thus,  if 
a  {iressure  of  two  tons  be  pven  by  a 
jiuinp  of  (inly  a  quarter  of  an  inch, 
and  llie  cylinder  lie  a  yanl  in  diameter, 
the  pri-isurc  upwanU  will  be  equal  to 
tlie  weiirht  of  41472  tons;  and  this 
proiliirious  effect  will  be  produced  by 
Uie  aceney  of  less  than  a  pound  <if 
water.  Such  a  force  is  much  too  i^reat 
for  the  slreiuxth  of  any  niiili-rials  which 
we  can  employ.  Hiit'wif]iin  the  space 
of  nine  or  ten  inclies  square  and  a  fbot 
hiirh,  a  force  of  5  or  film  tons  may  easily 
be  hrouKht  to  bi'ar  ujiitn  any  substance 
whieli  it  is  wished  to  press,  lo  lear  up, 
to  cut  in  pieces,  or  to  pull  asunder. 
'  Ljwjn  the  tendency  of  all  the  parts  of 
fluids  to  dispose  Ihenitelves  in  a  plain 
or  level  surface,  depends  the  making  of 
levelling  iwsArHWinvV's.OT  iM\.viMW;wS.«6w 
asccrUininK  viVettwt  kr-]  toAmi  "^ 
ley*;!,  oi  »nj\uK\wiiiOT&«i-,^'«^'«^™* 


10 


HYDROSTATICS. 


what  point  is  on  the  samel  evcl  with  any  A  and  F,  and  morinff  round  A,  on  • 
^iv4'n  point,  and  how  much  any  point  quadrant  or  quarter  of  a  circle  DE  di- 
is  above  or  Ik'Iow  the  level  of  any  other  vided  into  nmety  eciual  parts.  When 
point.  A  B  (yir>.  11.)  is  a  tube,  with  its  you  desire  to  know  now  many  dq^nei 
two  ends,  </,  ?,  turned  up,  and  open ;  it  is    any  object  P  is  below  the  level  of  A  B, 

or  of  O,  you  turn  A  F  until  P  is  covered 


y?.7.n. 


filled  with  water  or  mercury :  upon  the 
fluid  at  d  and  at  c  are  placed  small 
floats,  eacli  carry insr  an  uprii^ht  sight, 
or  scpiare  with  a  wire  or  hair  across 
it ;  and  the  si£:hts  are  placed  across  the 
direction  A  B.  It'  the  instrument  is 
placi'd  on  any  surface,  or  held  in  the 
hand,  whether  level  or  not,  on  looking 
throuu^h  the  siifht  c  you  find  the  cross 
wire  of  c  cover  the  cross  wire  of  d,  be- 
cause the  fluid  stands  equally  high  at 
both  ends ;  and  if  the  two  cross  wires 
cover  any  object  towards  which  the 
sights  are  pointed,  that  object  must  ne- 
cessarily be  on  the  same  level  with  the 
instrument.  In  the  use  of  this  instru- 
ment it  is  quite  immaterial  how  you 
place  or  hold  it,  whether  level  or  not. 
The  common  spirit-level  is  a  tube  filled 
with  spirit  of  wine,  excepting  a  small 
space,  in  which  there  is  a  bubble 
of  air  left;  and  then  the  tube  is  her- 
metically sealed,  or  closed  by  being 
melted  with  a  blow-pipe.  When  the 
tube  is  laid  on  a  level  surface,  the 
air-bubble  stands  in  the  very  middle 
of  the  tube ;  when  tlie  surface  slopes, 
the  bubble  rises  to  the  higher  end. 
A  U  ifg,  1 2.)  is  the  spirit-level,  and 


by  the  cross  wires  of  A  and  F,  and  ob- 
serve  the  niun1)er  of  divisions  in  EG. 
If  P  b  above  the  level  of  AB,  you 
turn  up  the  instrument,  and  raise  the 
arm  A  F  above  A  B,  by  turning  it  roood 
on  A,  until  the  cross  wires  cover  P. 

Chapter  IV. 

Pretmre  on  Oblique  Surfaee* — Cmtn 
of  Pressure, 

HiTHBRTO  we  have  treated  of  the 
pressure  of  any  fluid  upon  a  horizontal 
or  level  surface ;  and  it  is  always  easily 
found.  You  have  only  to  multipfy  ttie 
height  or  depth  of  the  fluid  by  uie  ei- 
tent  of  the  sur&ce,  and  the  product 
gives  the  bulk  of  fluid,  the  weight  of 
which  is  equal  to  the  pressiu^  upon  the 
surface.  Thus  if  the  siuiace  u  three 
feet  by  two,  or  six  square  feet,  and  the 
hcicrht  of  the  fluid  three  feet,  the  pres- 
sure is  equal  to  the  weight  of  eignteen 
cubic  or  solid  feet  of  the  fluid.  If  it  is 
water,  a  cubic  foot  of  which  weighs 
62i  pounds,  the  pressure  is  equal  to 
1  ]  25  ])ounds. 

But  if  tlie  surface  is  not  horizontal,  a 
different  rule  must  be  applied  ;  for  then 
the  pressure  is  equal  to  the  weight  of  a 
bulk  of  fluid  found  hy  raultiplpnir  the 
extent  of  the  surface  into  the  depth  of 
the  centre  of  gravity  of  the  surface ;  that 
is,  of  the  point,  which,  being  supported, 
the  whole  surface  remains  balanced  or  at 
rest.  IfAB(/^.13.)isthesurfaceofthe 


•A   „ 


fig.  13. 


'd 


H<f.  !•:. 


sights  being  fixed  at  A  and  B,  when 
A  B  is  so  placed  that  the  bubble  C 
stands  at  the  middle  point,  any  object 
O  covered  by  the  two  cross  wires  of  tlie 
sifrhts  A  and  B,  is  on  the  same  level 

with  the  surfkce  where  A  B  is  placed. 

Then  Qiereisalimb  A  F.  with  sighls  al 


fluid,  and  E  F I  the  sloping  aurfibce  o]^ 

which  it  presses,  6  its  centre  of  gravityi 

^\\d  C^  H  \V\«  d^Vv  of  G  ;  the  Dressure 

on  V.  Y  \  '\%  \>\e  ^«\v^V  q\  IlX^i^  ^^ 
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Mif  or  oolumn  of  the  fluid,  whose  width  of  the  vessel  or  pond  is  the  same 

»  E  F  I,  and  height  G  H.    Thus  all  the  way  down,  the  pressure  on  eveiy 

surfiEU^  E  F I  be  removed,  and  square  inch  of  the  sides  is  nearly  thir- 

ssel  A  B  C  K  be  a  cube,  or  one  teen  pounds  at  the  depth  of  30  feet ;  and 

ottom  and  sides,  A K,  KG,  and  so  in  proportion  for  greater  or  lesser 

^ual  to  each  other;  the  centre  depths. 

ivit}^  of  the  sides  being  in  the  The  same  rule  extends  to  finding  the 

ipointN,  the  pressure  upon  each  pressure  upon  surfaces,  whatever  be 

I  that  of  the  body  of  fluid  found  their  shape,  whether  plain  or  curve ; 

Itiplyim^  K  C  and  N  B  together,  whatever  be  then*  position,  horizontal, 

f  tne  whole  fluid  in  the  vessel ;  perpendicular,  or  slanting :  It  is  always 

the  pressure  on  the  bottom  is  the  pressure  of  a  body  of  water  equal 

to  the  weight  of  the  whole  fluid,  to  the  product  of  the  surface  by  the 

this  manner  we  can  easily  find  depth  of  its  centre  of  gravity.    Thus,  if 

essure  upon  a  dam,  whether  it  is  you  would  find  the  pressure  upon  the 

it  or  sloping  in  the  water.    We  sloping  side  of  a  pond;   drop  a  line 

>nly  to  take  half  the  depth  of  the  from  the  water  to  the   middle  point 

and  multiplv  it  by  the  super-  of  the  sloping  side  between  the  wa- 

extent  of  the  dam ;  this  gives^the  ter's  edge  and  the  bottom,  and  mul- 

of  water   whose    weight  is  the  tiply  the  length  of  the  plum-line  under 

ire    on  the  dam.     Suppose  the  water  by  the  extent  of  the  side   co« 

to  be  four  feet  deep,  and  twelve  vered  with  water.    If  the  plum-line  is 

;  the  dam,  if  perpendicular,  is  ten  feet,  there  will  be  upon  every  six  feet 

sight  square  feet ;  the  centre  of  square  of  that  side  a  pressure  of  about 

y  being  at  half  the  depth,  or  two  ten  tons.    So  if  you  would  find  the 

tie  pressure  is  equal  to  ninety-six  pressure  on  a  hemispherical  vessel,  or 

feet  of  water,  or  6000  pounds  half  globe,  just  covered  by  the  water* 

y ;  about  two  tons   and   three-  multiply  half  the  depth  of  the  water  by 

ars.  the  curve  surface  of  the  vessel.   If  the 

I    pressure    against   the  upright  diameter  is  a  yard,  the  surface  will  be 

of  a  cylinder  filled  with  water,  about  14 -j^  feet;  consequently  the  pres- 

is  a  pipe,  or  well,  or  the  cylinder  sure  is  equal  to  10{  cubic  feet  of  water, 

eam-en^ne,  may  be  found  in  the  or  nearly  six  hundred  weight, 

way.     Multiply  the  curve  surface  The  pressure  upon  a  number  of  sur- 

water  by  the  depth  of  its  centre  faces  is,  in  like  manner,  equal  to  the 

ivity,  which  is  half  the  depth  of  pressure  of  a  body  of  fluid,  found  by 

ater.     If  the  water  stands  twenty  multiplying  the  whole  extent  of  the  sur- 

igh,  and  the  diameter  or  bore  of  faces  into  the  depth  of  their  conunon 

ylinder  is  four  feet ;   the  curve  centre  of  gravity  oelow  the  surface  of 

:e  being  about  25 1  ^  square  feet,  the  fluid ;   and  thus    the  finding  the 

iie  centre  of  gravity  1  u  feet  deep,  pressure  is  in   every  case  reduced  to 

ressure  is  equal  to  the  weight  of  finding  the  centre  of  gravity. 

25 13  cubic  feet  of  water,  or  above  The  increase  of  pressure  in  propor- 

is».  tion  to  the  depth  of  the  fluid  proves 

3  convenient  in  practice  to  bear  the  necessity  of  making  the  sides  of 

id,  that  the  pressure  of  fresh  water,  pipes  or  masonry,  in  which  fluids  are  to 

lid  most  commonly  the  subject  of  be  contained,  sfronger  the  deeper  they 

ation,   is  always  about  thirteen  go ;  and  shows  that  it  is  a  superfluous 

Is  upon  every  square  inch  of  level  expense  to  make  them  equally  thick 

n,  at  the  depth  of  30  feet,  what-  and  strong  from  the  top  aownwards. 

he  form  or  position  of  the  sides  If  they  are  thick  enough  for  the  ^eat 

be ;     and    so   in  proportion  for  pressure  below,  they  will  be  thicker 

•r  or  lesser  depths ;  and  that  if  the  than  is  required  for  resisting  the  smaller 

are  perpendicular,  whatever  may  pressure    above.      The   same    remark 

leir  shape,  that  is,  provided  the  applies  to  floodgates,  dams,  and  banks. 

^ If  the  pipes  or  cylinders  placed  up- 

',  right    have    the    same    bore    all   the 

reirromremee  of  tb«  circle  w  to  its  dUmeter  ^       down,   their  Walls  may  taper  from 

m3.U1W.(ot  •little  lew  than  3iftj)to  1.  ..   -^    K«4f^m     unwarda       nmviilMl     the 

rface  of  the  »pber«  or  globe  u  in  the  Mine  ^P^     DOllom     upwarus,      proviueo     Uie 

xNi  to  the  vquare  of  ita  di»ineter.    The  thickucss  has  been  ascertained  which 

rarfsee  of  t^  erlinder  b  in  the  wme  pro-  jg  sufficient  tO  rCSist  the  pressure  at  th« 
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fjate,  one  side  being  perpendicular,  the 
other  may  slant  towanls  the  top.     In 
constructing  a  bank  of  a  given  quan- 
tity of  materials,  against  whose  slop- 
ing   side    tUe    water    presses,     it    is 
found  by  mathematical  reasoning,  that 
it   will  just  resist  the   water,    if   the 
square  of  its  thickness  at  the  base  (that 
is,  the  thickness  multiplied  by  itself)  is 
to  the  square  of  its  peii)endicular  lieight, 
as  the  weight  of  a  triven  bulk  of  water, 
say  a  cubic  foot,  is  to  the  weight  of  Uie 
same  bulk  of  the  material  the  bank  is 
made  of,  increased  by  twice  the  afore- 
said weight  of  the  given  bulk  of  water. 
Thus  if  the  bank  is  of  common  stone, 
which  is  2  times  heavier  than  water ; 
the  thickness  at  the  base  should  be  to 
the  height  nearly  as  1  to  2.    Therefore 
a  bank  of  3  feet  base  and  6  feet  height, 
will  answer  the  purpose.     If  the  bank 
6e  of  fir  timber,  which  is  little  more 
than  half  the  weight  of  water,  the  base 
being  a  yard,  the  height  should  be  about 
4  feet  9  inches.  These  proportions  cor- 
respond to  an  equilibrium  ;  but  if  sta 
bility  be  the  object,  tl>e  base  must  always 
nave  a  greater  ratio  to  the  height  than 
is   here  assigned.     If  the  height   and 
thickness  be  to  each  other  as  10  to  7, 
stability  is  always  ensured,  whatever  be 
fhe  specific  gravity  of  the  materials. 

If  a  fluid  presses  upon  a  surface, 
there  is  a  point  of  that  surface  at 
which  if  a  force  be  aj)plied  in  tin.- 
same  line  with  the  pressure  of  the 
fluid,  and  equal  to  the  whole  of  that 
pressure,  but  in  a  contniry  direction, 
it  will  exactly  balance  or  counteract  the 
whole  pressure  of  the  fluid;  and  Ihis 
point  is  called  the  centre  nf  preimure. 
If  the  water  in  the  upper  part  of  Ihc 
vessel  AOC  DQIIF  (//V.  \\.)  presses 
asrainst  the  s\nface  B  C  l5  E,  tliere  is  a 

II       fig-  U. 


it  in  any  way.  It  is  here  supposed 
that  there  is  no  water  below  the  sur- 
face H  C  D  £,  but  that,  if  unsupported, 
the  water  above  would  press  it  down* 
If  the  opposite  force  were  applied  to  any 
other  point  than  P.  the  centre  of  pres- 
sure, the  water  would  make  the  surface 
turn  round  upon  that  point. 

To  iind  this  point  often  becomes  of 
great  importance.     It  may  l>e  the  best 
means  of  projiping  a  floodgate  or  other 
surface  from  behind  against  the  pressure 
of  water  upon  its  facei    The  position  of 
the  point  varies  according  to  Uie  figure 
of  the  surface  and  its  depth  under  wa- 
ter.    If  the  surface  is  a  rectanirle  of  any 
kind,  as  a  square,  standing  uprii;ht,  and 
the  water  rises  to  its  upper  edge,  the 
centre  of  pressure  is  two-!hinls  down 
the  line,  dropped  perpendicularly  from 
the  middle  of  that  upper  edge.     If  the 
surface  is  a  triamrle,  whose  point  is  at 
the  surface  of  tlie  water,  the  centre  of 
pressure  is  three-fourths  down  the  per- 
pendiculiur   dropped   from  the   pomt; 
and  if  both  sides  of  the  triangle  are 
equal,  tlie  centre  is  in  that  perpendi- 
cular. If  the  sides  are  unequal,  but  the 
tiiangle  is  right  angled  at  the  base,  the 
centre  of  pressure  is  three-fourths  down 
tlie    perpendicidar    side,    and   three- 
eighths  of  the  base  distant  from  that 
side. 

Thus  if  A  M  (7?^.  15.)  is  the  surface 
of  the  water,   A  C  D  M  tlie  upright 


fU'  15. 


point  P,  in  that  surface,  against  which, 
if  a  force  be  applied  in  the  opposite 
direction  P  M,  and  equal  to  the  whole 
pressure  of  the  water  upon  B  C  D  E,  it 
Hx/y  suppoi-t  B  C  D  E,  and  prevent  l\\e 
pressure  from  turning  it   or   mo\mg 


and  square  surface  against  which  the 
water  presses,  N,  the  middle  point  of 
A  M,  and  N  L  a  peri)endicular  from 
N  to  the  base  of  the  suiface,  N  P  being 
two-thirds  of  N  L,  P  is  the  centre  of 
pressure  upon  A  C  D  M.  If  A  S  D  be 
a  triangle,  and  A  S  equal  Xo  AX),  q 
being  taken  at  three-fourths  down  A  C, 
is  the  centre  of  pressure  on  the  tri- 
ancle  ASD.  IfACDbea  triangle, 
rightangled  at  C,  A  7  being  three- 
fourths  of  A  C,  and  o  ti  or  C  O  three- 
eighths  of  C  D,  I*  is  the  centre  of  pres- 
sure upon  A  C  D.  Therefore,  if  a 
force  be  applied  on  the  opposite  sidfc  of 
A  C  D  M  at  P,  of  A  S  D  at  q,  and  of 
A.  C  D  «X  u,  «c^iai \»  >^^  "^t^&HvuK  of  the 
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ronthese  surfaces  respectively,  and  supposing  tliat  there  were  cither  no 
sndicular  to  them,  the  whole  sur-  resistance  from  the  hinges,  or  that 
in  each  case  will  he   supported,     tliere  were  hinges  at  the  base.     Thus, 

we  have  found  before  that  the  if  the  gate  is  a  square  of  six  feet,  the 
e  pressure  upon  any  rectangular  pressure  to  turn  it  on  its  bottom  is 
e  upright  in  the  water,  is  the  weight  one-sixth  of  1 296  cubic  feet  of  water,  or 
bulk  of  water  equal  to  the  surface,  216  feet;  and  to  turn  it  on  its  hinge, 
plied  by  half  its  depth  below  water,  one-fourth  of  1 296,  or  324  feet.  There- 
ran,  therefore,  see  at  once  the  force  fore  there  will  be  a  force  of  six  tons 
red  to  balance  the  water,  and  the    pressing  it  round  on  its  bottom,   and 

where  it  mvmi  be  applied.    Multi-     nine  tons  pressing  it  open  on  its  hinges, 
he  height   of  the  surface  by  its 
Ith,  and  the  product  by  half  the 
it,  (the  water  bemg  supposed  to  Chapter  V 

M  hiRh  as  the  upper   edge  of       Speci/ic  Gracity-The  Hydrometer 
urface;)  then  apply  a  force  or  a  ^  and  Areometer!' 

ance  equal  to  this  weight  of  wa- 

n  a  horizontal  line  against  a  point  When  a  solid  body  is  plunged  in  any 

ed    two-thirds    down     the    per-  liquid,  it  must  displace  a  quantity  of 

cular,  from  the  middle  point  of  that  liquid  exactly  equal  to  its    own 

ipper  edge    of  the    surface,   the  bulk.     Hence,  by  measuring  the  bulk 

f  pressure  of  the  water  will  be  ba-  of  the  liquid  so  displaced,  we  can  ascer- 

1.  Suppose  the  height  and  breadth  tain  precisely  the  bulk  of  the  body ;  for 

sluice  or  floodgate  are  equal,  it  the  liquid  can  be  put  into  any  shape, 

a  sQuare  of  six  feet ;  the  pressure  as  that  of  cubical  feet  or  inches,  by  be- 

will  be  1 08  cubic  feet  of  water,  or  injr  poured  into  a  vessel  of  that  shape, 

three  tons.  A  force  of  this  amount,  divided  into  equal  parts ;    or  the  vessel 

applied  on  the  back  of  the  sluice,  in  which  tlie  body  is  plunijed  may  be  of 

;  middle  line,  and  four  feet  from  that    shape,    and   so  divided.     If  the 

p,  will  be  sufficient  to  counteract  width  of  the  vessel  is  four  inches  by 

ressure  of  the  water,  without  any  three,    or   twelve  square  inches,   and 

ance  from  the  hinges  or  sides  of  divided  on  the  upright  side  into  twelfths 

ite.  of  an  inch — when  a  body  of  an  irre- 

;  strain  whicli   the  water  exerts  gular  shape,  as  a  bit  of  rough  gold 

the  hinges  of  the  floodgate  is  the  or  silver,    is   plunged  in  it,  every  di- 

ire  to  make  it  turn  round  on  its  vision   that  the  water  rises  will  show 

side ;  and  it  is  found  by  multi-  that  one-twelfth  of  twelve  cubic  inches, 

r  one-sixth  of  the  breatith  of  the  or  one  cubic  inch  of  water,  has  been  dis- 

into  the  cube  of  the  height,  and  placed  ;  so  that  if  it  rises  two  divisions, 

I  a  bulk  of  water  equal  to  the  pro-  the  body  contains    exactly  two    solid 

The  pressure  which  the  water  ex-  inches  of  metal.    And  this  is  by  far  the 

)  open  the  s:ate,  or  make  it  move  easiest  way  of  measuring  the  solid  con- 

1  on  its  hinges,  is  found  by  multi-  tents  of  irregular  bodies. 
r  one-fourth  of  the  scniare  of  the         When  a  body  is  so  plunged,  it  will 

t  into  the  scjuare  of  the  breadth,  remain  in  whatever  place  of  the  fluid  it 

iking  a  ])ulk  of  water  equal  to  the  is  put  in,  if  it  be  of  the  same  weight 

ct.      The    proportions    of   these  with  the  fluid,  that  is,  if  the  bulk  of  the 

ressures  may  therefore  be  easily  body  weighs  as  much  as  the  same  bulk 

They  are  to  one  another  as  of  the  fluid;  for  in  this  case  it  will  be 

ixth  of  the  breadth  muhiplied  by  the  same  thing  as  if  the  fluid  were  not 

ibe  of  the  heiirht,  to  one- fourth  of  displaced ;  and  as  an  equal  quantity  of 

[uares,  of  height  and  breadth  niul-  the  fluid  would  have  remained  at  rest 

I  toirether;  that  is,  as  one-sixth  of  there,  bein^   equally    pressed   on    all 

jight  to  one-fourth  of  the  breadth,  sides,  so  will  the  solid  body  :    it  will 

twice  the   height  to  thrice  the  be  pressed  from  below  with  the  same 

th.     When,  therefore,  the  gate  is  weight  of  fluid  as  from  above.     But  if 

are,  the  height  and  breadth  being  the  body  be  heavier  than  the  fluid,  bulk 

,   the   pressures    are    as    two  to  for  bulk,  this  balance  will  be  destroyed, 

;  and  the  same  gate  at  the  same  and   the   weight  of  the  fluid  pressing 

has    hidf  as   much  more    force  from  above,  will  be  er^iaLtei  \£a.w  >JMi 

fd  to  make  it  open  on  its  hinges,  pressing  from  YicYow ,  Vy^  V!kv^  Hi«s!i^\.  ^1 

msike  it  turn  over  on  its  b^e ;  the  solid   body,  ndVvv&u  Vi^  V^Eues^SoE^ 
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sink  to  t]ie  bottom.  So  if  it  be  lii;htpr  tipect/fe  gravity :  that  is,  their  weij^ 
than  an  equal  bulk  of  the  fluid,  it  will  in  kind,  and  sometimes  their  r^k&vi 
rise  through  the  fluid  to  the  surface,  gravity,  that  is,  their  weight  compared 
But  if  a  solid,  heavier  than  the  fluid,  be  with  the  weight  of  other  bodies.  By 
plunged  to  a  depth  as  many  times  weighing  a  known  bulk,  as  n  eabie 
greater  than  its  thickness,  as  uie  solid  foot  or  a  cubic  inch  of  any  two 
is  heavier  than  the  fluid,  and  there  pro.  substances,  we  can  find  their  specific 
tectcd  by  any  means  frcin  the  pressure  gravity ;  or  their  gravity  as  oom- 
of  the  fluid  above,  it  will  float,  notwith«  pared  with  each  other:  i(  for  in- 
standing  its  weight,  because  the  pres-  stance,  we  found  a  cubic  inch  of  iron 
sure  from  below  being  in  proportion  to  weighed  IMS  grains,  and  a  cubic  inch 
the  dcpth,will  counterbalance  the  weight  of  lead  2858,  we  should  say,  that  the 
of  the  body,  and  there  will  be  no  prcs-  specific  gravities  of  the  two  substances 
sure  fi-om  above,  except  the  weiglit  of  were  in  the  proportion  *  of  3  to  41 
the  body.  Thus,  lead  is  somewhat  above  nearly ;  and  so  we  mii|:ht  find  the  spe- 
eleven  times  heavier  than  water.  If  a  cific  gravity  of  a  solid  substance,  ss 
cube  of  lead  be  placed  so  as  to  press  compared  with  that  of  a  liquid,  by 
closely  against  the  bottom  of  a  wooden  weighing  an  equal  bulk  of  eacn.  But 
pipe  one  foot  square,  closed  at  the  top,  thisoperation  is  extremely  difficult,  be* 
and  plunged  twelve  feet  deep,  and  held  cause  it  requires  the  substances  com- 
upright,  it  will  there  swim ;  the  water  pared  to  be  fashioned  accurately  into 
pressing  it  upwards  with  a  force  greater  the  same  shape  and  size ;  and  when  we 
than  its  weiglit,  and  there  being  no  are  not  allowed  to  change  their  figure, 
pressuix?  from  the  water  downwanls.  So  the  comparison  cannot  be  made  at  all. 
if  a  body  lighter  than  water,  as  cork,  be  Thus  we  could  not  ascertain  the  spe- 
placed  at  the  bottom  of  a  vessel,  and  cific  gravity  of  precious  stones,  cn's- 
so  smoothly  cut  that  no  water  gets  be-  tals,  metallic  ores,  or  animal  and  vcge- 
tween  its  lower  surface  and  the  surface  table  substances,  without  in  eifi«t 
of  the  bottom,  it  will  not  rise,  but  re-  destroying  them,  ^wi  \\v^  Hydrottatic 
main  fixed  there,  because  it  is  pressed  Balance,  upon  the  principles  now  ex- 
downwards  by  the  water  from  above,  plained,  anords  a  perfectly  easy  and 
and  there  is  no  pressure  from  below  most  accurate  method  of  comparing  all 
to  counterbalance  that  from  ul)ove.  substances,  solid  and  fluid.  We  have 
It  follows  from  these  principles,  that  onlv  to  weigh  any  substance  first  in  air, 
if  any  body  be  weighed  in  the  air,  and  and  then  in  water;  the  difference  of  the 
then  weighed  in  any  liquid,  it  will  seem  weights  is  the  weight  of  a  bulk  of  water 
to  lose  as  much  as  an  equal  bulk  of  the  equal  to  the  bulk  of  the  substance;  ami 
liquid  weighs.  Not  that  the  body  by  comparing  any  other  substance  with 
really  loses  its  weight,  but  that  it  is  water,  in  like  manner,  we  ascertain  its 
pressed  upwards  by  a  force  equal  to  specific  gravity,  as  compared  with  that 
the  weight  of  the  liquid  the  place  of  of  the  first  substance.  And  this  opera- 
which  it  fills.  Thus,  if  a  piece  of  lead  tion  may  be  performed  with  substances 
weigh  an  ounce  before  being  plunc:ed  lighter  than  water,  either  by  fixing 
in  water,  that  is,  requires  an  ounce  them  to  a  stiff  pin,  attached  to  the 
weight  on  the  opposite  scale  to  balance  bottom  of  the  scale,  taking  care  to  trim 
it ;  if  you  han^  it  by  a  thread  from  its  the  balance  before  the  pm  is  plunged 
own  scale,  and  let  it  be  plungi-d  so  that  into  the  water ;  or  by  loading  the  sub- 
the  water  in  a  full  jar  covers  it,  a  quan-  stance  with  a  known  weight  of  somi'- 
tity  of  water  equal  to  the  bulk  of  the  thing  heavier  than  water,  and  raakin? 
lead  will  run  over  the  sides  of  the  jar,  an  allowance  for  the  load's  difference  of 
and  a  number  of  cjains  equal  to  tlie  weight  in  air  and  water, 
weight  of  this  (luantity  of  water  must  It  is  evident  also  that  the  same  prin- 
be  taken  out  of  the  opposite  scale,  to  ciple  enables  us  to  ascertain  the  spe- 
restore  the  balance ;  for  the  lead  is  now  cific  gravities  of  different  fluids.  For 
pressed  downwards  in  the  water  with  a  if  the  same  substance  be  weighed  in 
force  not  equal  to  its  own  weight,  but  two  fluids,  the  weight  which  it  loses 
to  the  difference  between  its  own  weight  in  each  is  as  the  specific  gravity  of  that 
and  that  of  an  equal  bulk  of  the  water,  fluid.  Thus  a  cubic  inch  of  lead  losei 
And  in  this  manner  we  can  detennine  253  erains  when  weighed  in  water,  and 
the  relative  weights  of  all  bodies,  or  the  only  209  grains  when  weighed  in  recti- 
proportion  which  they  bear  to  each  ^ed  spirits -,  therefore  a  cubic  inch  of 
other  in  weight;  which  is  called  Iheur  tc<2\a&^  s^\fi\.  v«tv^^  <l.^^  VTiwa,  la 


HYDROSTATICS. 


15 


Ik  of  water  weighing  253 ;  and 

lecific  gravity  of  the  water  is 

fourth  greater  than  that  of 

this  principle  the  Hydrometer 
leted:  its  name  is  derived  from 
tk  words  signifying  measure  of 
rhere  are  various  kinds  of  hy- 
"s.  One  is  a  glass  or  copper 
I  a  stem,  on  which  is  marked 
f  equal  parts  or  de^ees.  The 
which  the  stem  smks  in  any 
>ing  ascertained,  and  marked 
RC&,  we  can  tell  how  many 
my  other  liquid  is  heavier  or 
»y  observing  the  point  to  which 
L  sinks  in  it.  Another  and 
{imple  Hydrometer  is  formed 
rin^  a  number  of  hollow  glass 
f  different  weights,  but  tJie 
ms  of  which  are  known,  and 
s  marked  accordingly ;  they  are 
5essively  dropped  in  the  fluid  to 
ined,  until  one  is  found  which 
inks  nor  comes  up  to  the  sur- 
remains  at  rest,  wherever  it  is 
I  the  liquid.  You  thus  ascer- 
the  liquid  is  of  the  same  spcci- 
ty  with  this  bead.  If  the  same 
dropt  into  another  liquid,  and 
lat  liquid  must  be  lighter  than 
,  if  the  bead  comes  to  the  top, 
nd  liquid  is  heavier  than  the 
d  by  trying  the  liquid  with  the 
ads  until  one  is  found  which 
iinks  nor  floats,  you  ascertain 
ive  weight  of  the  liquid  by  the 
9f  the  bead, 
/^drometer  of 
icacy  and  pe- 
isefulformea- 
e  specific  gra- 
Terent  waters, 
;by  ascertain- 
iegrees  of  pu- 
ist  sofa  ball  of 
ee  inches  dia- 
^ith  another 
:  and  opening 
f  one  inch  di- 
B  and  C,  {fg. 
I  brass  neck  3, 
2h  is  screwed 
0,  about  ten 
ng  and  I -4 0th 
ich  diameter, 
nto  inches  and 
}f  an  inch. 
}le  weight  of 
ximentis4000 
n  loaded  with 
he  lower  baJL 
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It  is  found  that  when  plunged  into  water 
in  the  jar,  a  grain  laid  upon  the  top 
a  makes  it  sink  one  inch;  therefore 
a  tenth  of  a  grain  sinks  it  a  tenth  of  an 
inch.  Now  it  will  stand  in  one  kind 
of  water  a  tenth  of  an  inch  lower  than 
in  another,  which  shows  that  a  bulk  of 
one  kind  of  water  equal  to  the  bulk  of 
the  instrument  weighs  one-tenth  of  a 
grain  less  than  an  equal  bulk  of  the 
other  k4nd  of  water ;  so  that  a  differ- 
ence in  specific  gravity  of  one  part  in 
forty  thousand  is  thus  detected.  This 
weight  of  4000  grs.  is  convenient  for 
comparing  water ;  but  the  quantity  of 
shot  in  the  lower  ball  may  oe  varied, 
so  as  to  make  it  lighter  or  heavier,  and 
so  adapt  it  to  measure  the  specific  gra- 
vities of  lighter  or  heavier  fiquids.  It 
will  always  be  an  accurate  and  veiy 
delicate  measure  for  Hquids  of  nearly 
the  same  weight.  Indeed  its  delicacy 
is  so  great,  that  an  impurity  too  slight 
to  be  detected  by  any  ordinary  test,  or 
by  the  taste,  will  be  discovered  by  this 
instrument. 

The  Areometer  invented  by  M.  De 
Parcieux  of  Paris,  and  so  named  from 
two  Greek  words,  signifying  measure  of 
weighty  is  more  simple  and  affords  a  very 
accurate  comparison  of  different  liquids. 
It  is  only  a  different  form  of  the  in- 
strument just  described.  A  glass  phial, 
about  two  inches  or  two  inches  and  a 
half  in  diameter,  and  seven  or  eight 
long,  with  a  plane  or  round  bottom,  is 
corked  tight,  and  into  the  cork  is  fixed 
a  perfectly  straight  wire  of  about  1  - 1 2th 
inch  diameter,  and  thirty  inches  long. 
The  phial  is  loaded  with  shot,  so  as  to 
make  it  sink  in  the  heaviest  liquid  to 
be  examined,  leaving  the  "wire  just 
below  the  surface.  There  is  a  cylinder 
of  glass,  about  three  or  three  and  a 
halt  inches  diameter,  and  three  or  four 
feet  lon^,  with  a  scale  of  equal  parts 
on  the  side.  The  liquor  to  be  tried  is 
put  in  this;  and  the  scale  marks  the 
point  to  which  the  top  of  the  wire  sinks. 
This  instrument  is  so  sensible,  that  if  it 
stands  at  any  point  in  water  of  tlie 
common  temperature,  and  the  sun's 
rays  fall  upon  the  water,  the  wire  will 
sink  several  inches,  from  the  slight  in- 
crease of  heat  causing  an  increase  of 
bulk,  and  consequently  a  diminution  of 
relative  weight  in  the  water ;  and  it  will 
rise  again  when  carried  into  the  shade.  • 
A  pinch  of  salt  or  sugar  thrown  in 
maKcs  it  rise  some  inches,  eiid  ^  Vi^^ 
spirits  poured  in  TM^es\V«aJK.»  ^"^ 
one    01   these  m«\rvimew\s.  H5€v5gKtti% 
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somewhat  less  than  twenty-fimr  outk^cs,  of  detcHrtiiic  the*  adulteration,  by  tiyinf? 

and  phin^eil  in  wator,  there  is  a  fall  or  how  much  water  a  certain  weight  of 

rise  of  al)ove  half  an  inch  for  every  silver  displaced,  how  much  a  certain 

1-1 7424th  part  of  the  water  displaced  ;  weiirlit  of  (Told.  and  how  much  acerUia 

so   that  a  ditfereiice  of  the  hundred-  mixture  of  the  two,    he   rushed  out 

♦housandth  pad  is  easily  perceived.  of  the  chand>or,  exclaimim;,  **  /  hace 

The  principal  use  of  the  Hydrometer  found  it !  I  Ikore  found  it  l" 
is  to  ascertam  the  specific  gravity  of        But  no  test  of  this  kind  can  ever  lie 

spirits,   and  to  detect  adulteration  or  accurate  either  with  respect  to  solids  or 

mixture  of  water  with   it.     But  it  is  licjuids,  unless  we  have  previously  a^eer- 

eciually  applicable  to  lind  the  specific  tamed  by  experiment  that  the  substanci*s 

pravity  of  any  otiier  fluids.    Thus  milk  mixed  tlo  not  enter  into  such  a  che- 

is  about  1 -3 1  part  heavier  than  water ;  mical  union    as    alters  their  internal 

and  therefore  the  instrument  will  easily  structure  ;  for  in  many  cases  this  take* 

shew  if  water   has  been  mixed  with  place,  and  the  .specific  sravity  of  the 

it.    Accordingly,   in   Switzerland    and  parts  in  composition  is  thus  different 

the  North  of  Italy,  where  the  peasants  from  their  specific  c^ravity  when  sepa- 

idl  brins^  their  milk  ever>'  evenmjr  to  a  rate.    A  piece  of  pold,  in  which  there 

common  dairv*,  and  havint*:  it  measured  should  be  a  hollow  space  filled  with 

each   time,  arc  allowed  a  portion  of  silver,  could,  by  the  procc<Js  of  weijrhiiur 

cheese  at  the  end  of  the  sctoson,  ac-  in  water,  be  accurately  proved ;  for  we 

cording  to  the   (quantity  of  the  milk  should  thus  ascertain  that  a  s^iven  bulk 

carrie^i  in  the  lK)oks  to  the  credit  of  fell  short  of  the  requisite  weight  Iw  a 

their  account,  a  Ilydi-ometer  is  used  to  certain  (juantity.     But  if  the  two  nu-- 

dctect   any  mixture   of   water,   which  tals  were  nu'lted  toirether,   and    che- 

would  make  the  milk  lii^liter.  mically  united,   they  miirht  verv'  iws- 

By  means  of  the  s.une  kind  we  can  sibly  Ibnn  such  a  compound  as  should 

ascertain  the  adulteration  of  solid  sub-  ha\e  its  specific  jTfavity  greater  or  less 

stances,  as  metals,  mixed  with  others  than  the  medium  of  the  specific  gravi 

of  diiferent  specific  p-avity.     An  in-  ties  of  the  irold  and  silver;  and  so  ol 

strument     u])on     this     i)nuciple    was  fluids.  Before,  therefore,  the  Hydrosta 

constructetl   by   Mr.  Brailford,    calcu-  tic  Balance  or  the  Hydrometer  can  be 

lated  to  shew  how  much  alloy  there  relied  on  as  proofs  of  admixture,  trials 

was  in  the  trold  coin,  and  also  who-  must  be  made  with   the    simple  sub- 

ther  that  alloy  \>as  silver  or  a  lii^hler  stances,  and  their  com{>ounds  in  known 

metal.  proportions  ;  and  the  effects  of  the  mi  v- 

The  proposition  which  forms  the  turebeiiii;lhusascei1aineil  in  these  cases, 
foundation  of  this  l)ranch  of  Hydro-  the  weiirht  becomes  an  aceurate  test  ol 
statics,  that  a  solid  i)lunired  in  a' fluid  the  deirree  of  adulteration  ;  l>ecau<e 
displaces  a  quantity  of  the  fluiil  ecjual  we  have  l^iuiit  what  allowance  to  make 
to  lis  bulk,  was  discovercil  t)y  Archime-  for  Ihi-  effects  of  chemical  combination, 
des,  one  of  Ihe  ineatest  mathematicians  But  there  is  one  circumstance  whicli 
of  ancient  times,  in  consequence  of  nuist,  in  all  trials  for  ascertaining:  ^^' 
Hiero,  kintr  of  Syracuse,  his  friemi  and  cifie  jrravitv,  be  taken  into  the  account: 
patron,  and  himself  an  eminent  philo-  and  that  is',  the  Heat  or  temperature  of 
sopher,  and,  it  lu-eds  hanlly  be  aiUled,  the  substances  at  the  time  of  the  expe- 
a  virtuous  and  patriotic  prince,  havini;  rinuMit.  The  efl'ect  of  heat  is  to  in- 
set him  a  problem  to  sohe  upcm  the  crease  tin*  bulk  of  all  bodies;  conse- 
adulteration  of  metals.  Hiero  had  (juently  to  make  them  specificallv 
piven  a  certain  quantity  of  irold  to  an  liirhler,  by  makinir  the  same  quantity 
artist  to  make  into  a  crown,  and  sus-  of  matter  fill  a  lander  space;  and  differ- 
pectinir,  from  the  liirhtness  of  the  crown,  ent  substances  are  expanded  in  ditfen^nt 
that  some  silver  had  been  useil  in  mak-  dejrrees  by  it.  Thus  water,  when  heati-d 
inir  it,  he  bt-L'ired  Arcliiniedis  to  invcs-  tVoui  (10  ileirn-es  of  Fahrenheit's  ther- 
tiiratc  the  matt ei.  It  is  snid  that  while  mometer  to  K-o,  is  iucpjased  in  bulk 
this  trreat  man  was  intent  upon  the  l-UiTth  part,  meivur)'not  above  1-*J43; 
question,  he  chanct-d  to  observe,  in  conswiuenllv,  a  cubic  inch  of  water 
bathintr,  the  water  which  ran  over  weii,'hs -ibout  a  irrain  and  ahalf  lijrhter 
the  sides  of  the  bath  ;  and  immediately  (the  1  >7th  part  of  253,  the  weight  <rf 
perceiving  that,  as  the  water  wa's  the  cid)ic  inch,  w'-: -n  of  the  ordinaiT 
equal  to  (he  bulk  of  his  bovly,  this  heat  of  tJO  dejrr»-es).  A  cubic  inch  of 
would    furnish    him  with  the  means  mvYviuv^',  v!v^\3kai\^\\v;i\Vv:<\,viii\^Us  Ugrs. 
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which  bears  a  considerably  smaller 
proportion  to  its  former  weight  of  3415 
gra.  The  comparative  trials  are  gcnc- 
nllj  made  at  a  temperature  of  60,  at 
which  rain-water  weighs  1 000  ounces 
avoirdupois,  or  62^  pounds,  by  the 
cubic  foot,  or  233  grs.  bv  the  cubic  inch. 
Spirits  expand  and  become  lighter 
by  means  of  heat,  in  a  greater  pro- 
portion ;  consequently  they  are  heaviest 
in  winter.  A  cubic  mch  of  brandy  has 
been  found  hy  many  trials  to  weigh  1 0 
grs.  more  in  winter  than  in  summer, 
the  difference  being  between  4  drs.  32 
grs.  and  4  drs.  42  grs.  Of  this,  liquor- 
merchants  are  oflen  found  to  take  ad- 
Taniage,  making  their  purchases  in 
winter  rather  than  in  summer,  because 
they  get  in  reality  a  greater  quantity 
in  tne  same  bulk,  buying  by  measure. 

If  two  liquids  of 
different       specific  /ig.  18. 

g;ravities  are  poured 
mto  a  bent  tul)e, 
so  as  to  meet  at  the 
liottora    or   middle 

C>int,  they  will  ba- 
nce  each  other, 
and  each  keep  its 
own  side  of  tlietube, 
if  they  are  in  height 
inversely  as  their 
specific  gravity;  the 
heaviest  being  the 
lowest.  Thus  mer- 
cury, being  thirteen 
times  and  a  half 
heavier  than  water, 
if  you  pour  in  so 
much  mercuTT  as 
will  stand  2  in.  nigh, 
and  so  much  water 
as  will  stand  27, 
they  wiU  balance 
each  other,and  meet 
at  the  bottom ;  thus, 
in  the  tube  A  B, 
ifig.lS,)  D  I  being 
the  mercurj',  and 
E  I  the  water,  and 
C  the  middle  point, 
if  EG,  the  per- 
pendicular from  the  surface  of  the 
water  to  the  level  at  G  is  thirteen 
and  a  half  times  D  F.  the  perpendi- 
cular from  the  surface  of  the  mercury 
to  the  horizontal  line  F  G,  passing 
through  the  contiguous  surfaces  of  the 
water  and  mercuiy,  the  water  will  ba- 
lance the  mercury.  Nor  will  tliis  de- 
pend at  all  upon  the  figure   of  the 


tube,  or  the  quantity  of  the  two 
fluids:  for  whatever  be  the  shape  or 
inclination  of  the  branches  A  U  and 
B  C,  the  balance  will  be  kept,  pro- 
vided the  heights  E  G  and  F  D  are  in 
the  same  proportion.  Thus,  the  part 
E  C  K  in  the  tube  A  C  D,  (Jig,  19.) 


may  contain  as  much  or  more  mer- 
cury than  K  F  does  water ;  still  the 
water  will  balance  the  mercury,  tho 
height  F  H  of  its  surface  being  thirteen 
times  and  a  half  the  height  E  G  of  the 
mercur}'.  Nor  is  it  at.  all  necessary 
that  the  branches  of  the  tube  should 
be  of  the  same  bore ;  for  the  one  with 
the  mercury  (Jig.  20.)  may  be  much 
wider  than   the  one  with  the  water; 


«L ?  Jiff-  20. 


and  the  smaller  weight  of  water  will 
balance  the  greater  weight  of    mer- 
cuiy, provided  the  water  stand  thirteen 
times  and  a  half  higher  than  the  mer- 
cury. But  if  the  tube  has  both  branches 
perpendicular,  an  easy  method  is  f\ir- 
nished  of  comparing  the  specific  gra^ 
vitv  of  licjuids.     We  have  yfjig.  21.  y 
only  to  divide  the  uprie:htj0 
branches  into  equal  parts, 
and  observe  at  what  height 
above  the  common  level 
the  two  fluids   stand  ini 
them  when  they  are  ba- 
lanced (Jff.2\ .) ;  their  spe- 
cific gravities  are  inversely 
as  the  heights:  if  oil,  for 
instance,  stands  at  10  in  one  bt%Ti<&Vv<» 
while  water  stands  aV  luw^  *m  VVv^  ^'Cww* 
wc  infer  thai  the  specv^c  ^^n'\\.^  qH^^ 

o 
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oil  is  to  that  of  the  water  as  nine  to  roll  round,  its  centre  of  gravit?  muil 

ten.  be  in  the  perpendicular,    which  rum 

If  there  are  various  liquids  of  differ-  through  the  centre  of  gravity  of  the 
ent  specific  gravities,  and  which  do  part  of  the  liquid  displaced  Dy  it ;  for 
not  mix  together,  all  poured  into  the  the  pressure  upwards  of  the  liquid  ii  in 
same  vessel,  they  will  arrani^e  them-  this  line,  and  unless  that  pressure  is  in 
selves  so  that  the  heaviest  will  make  a  direction  running  through  the  body's 
a  layer  at  the  bottom,  then  the  next  centre  of  gravity,  it  cannot  support  ue 
heaviest,  and  then  the  next  heaviest ;  centre,  and  when  the  centre  is  not  sup- 
and  thev  will  all  lie  parallel  and  level,  ported,  the  body  is  not  at  rest,  but  must 
Thus  if  mercury,  olive  oil,  and  water,  fall ;  or  if  the  centre  is  kept  up  by  the 
be  poured  together,  there  will  be  a  fluid,  the  body  must  still  turn  round 
layer  of  mercury  at  the  bottom,  then  when  the  upward  pressure  bears  on  some 
one  of  water,  and  then  one  of  oU,  and  other  part  of  it.  When  the  line  which 
a  fourth  may  be  formed  above  the  oil  joins  tne  centre  of  gravity  of  the  whole 
by  pouring  spirit  of  wine  upon  it.  The  body  and  the  cent^  of  gravity  of  the 
pressure  of  the  whole  upon  the  bottom  part  under  water,  is  perpendicular  to  the 
wiU  in  this  case  be  equal  to  the  sur-  sur&ce  of  the  water,  the  body  will  float 
face  of  the  bottom  multiplied,  by  the  at  rest  in  the  water.  In  orcter,  there- 
sum  of  the  products  of  each  layer's  fore,  to  make  a  body  of  any  figure  float 
depth  into  its  specific  gravity.  steadily,  and,  as  it  were,  balance  itself 

If  the   lighter  fluid  be  poured  in  in  the  water,  with  a  certain  proportion 

first,  and  then  the  heavier,  the  lighter  of  its  bulk  under  water,  the  depth  to 

will  rise  through   it  and  float  on  the  which  it  must  be  sunk  must  be  ascer- 

top ;  and  if  any  thing  be  done  to  alter  tained  by  the  proportion  of  its  specific 

the  weight  of  the  lower  layer,  it  will  gp,vityto  that  ofthe  water,  and  the  posi- 

rise  through  the  upper  one.     Thus,  tion  must  be  ascertained  by  making  the 

while  the  oil  is  floating  on  the  water,  centre  of  gravity  of  the  whole  body  and 

if,  by  heating  the  bottom  of  the  vessel  thepartunderwaterbein  the  plumb-line 

you  heat  the  water,  it  becomes  lighter  or  Ime  perpendicular  to  the  upper  sur- 

and  rises  through  the  oil,  until  the  oil  face  of  the  water, 
too  gets  heated,  when  it  rises  through 

the  water.  So  when  a  vessel  containing  p  --- 

any  liquid  is  placed  on  the  fire,  the  Uhaptbr  V 1. 

parts  of  the  fiquid  next  the  fire  get  Specific  GramHet  of  Bodies. 

heated,  and  rise  up  through  the  colder 

parts  which  are  heavier:  and  this  is  By  experiments  with  hydrostatic  bt- 
found  to  be  the  principal  manner  of  lances,  and  with  hydrometers  of  difi^- 
communicating  heat  to  all  the  parts  of  ent  kinds,  the  comparative  gravities  of 
a  liquid ;  for  if  the  heat  is  applied  at  bodies  have  been  ascertained  with  great 
the  top,  it  can  only  witli  great  diffi-  nicety.  The  following  Table  exhibiii 
culty  be  conducted  through  the  liquid  in  one  connected  view  the  results  of 
eithersidewaysordownwanls;  but  when  those  trials,  collected  from  a  great 
applied  below,  the  parts  as  they  are  variety  of  sources,  and  reduced  to  one 
heated  become  enlarged  and  lighter :  common  measure, 
they  rise  up  to  the  top,  and  they  heat  In  consulting  it,  this  may  further  be 
the  others  m  their  progress,  while  those  borne  in  mind ;  that  water  is  taken  as 
others,  being  still  somewhat  heavier,  the  unit  for  solids  and  liquids  ;  atmos- 
sink  down  and  are  heated  fully  in  their  pheric  air  for  gases.  Tnus  water  is 
turn.  By  degrees  the  whole  liquid  gets  1 .000 ;  mercury,  at  the  common  tem- 
so  hot  that  the  parts  next  the  bottom  perature,  13.58:  whence  we  conclude, 
are  converted  into  steam  or  vapour,  that  mercury  is  between  13  and  14  t^mes 
which  rises  through  the  rest  of  the  heavier  than  water.  So  conunon  air 
liquid  in  bubbles  to  the  top,  and  there  is  1.000;  chlorine  (or  oxymuriatic  acid) 
flies  off  till  the  whole  liquid  Ls  evapo-  2.500 ;  and  hydrogen  0.069.  Whence 
rated.  This  is  the  common  process  of  we  conclude,  that  chlorine  is  two  and  a 
Boiling,  half  times  heavier,  and  hydrogen  be- 
When  a  solid  body  floats  in  a  liquid,  twcen  fourteen  and  fifteen  times  lighter 
its  weight  is  equal  to  the  weight  of  li-  than  common  air.  Again:  one  cubic 
quid  which  the  body  displaces :  but  in  foot  of  water  weighs  1 000  ounces; 
order  that  it  may  float  at  rest,  and  not  therefore    all    the    numbers    in    tbt 
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Table  for  solids  and  liquids  rqnre- 
aent  the  absolute  weight  of  a  cubic 
fl>ot  of  each ;  if  we  remove  the  deci- 
mal point,  and  add  a  cypher  where 
there  are  only  two  decimais  —  thus  a 
coImc  foot  01  mercury  weighs  13580 
ounces  and  a  cubic  root  of  bar-iron 
7768  ounces. 

To  ascertain,  in  like  manner,  the  ab- 
solute weight  of  the  gases,  we  have 
only  to  olMenre  that  100  cubic  inches 
of  common  air  weigh  30.50 grs.;  and 
ma  there  are  1728  cubic  inches  in  a 
cubic  foot,  the  simple  method  of  calcu- 
lation will  stand  thus: — As  100  :  30.50 
gra.  : :  1 728  :  527.04  grs.,  the  weight  of 
a  cubie  foot  of  common  air. 

In  order  to  ascertun  the  weight  of  a 


cubic  foot  of  any  other  kind  of  gas,  it 
is  nec-cssary  merely  to  observe  its  speci- 
fic gravity  in  relation  to  tliat  of  com- 
mon air;  for  instance,  chlorine  has  a 
specific  gravity  =  2.5 :  hence  a  cubic  foot 
of  chlorine  will  weigh  2.5  times  as  much 
as  the  same  bulk  of  common  air ;  thus 
527.04  X  2.5  =  1317.60  grs.  the  weight 
of  a  cubic  foot  of  chlorine. 

If  we  wish  to  know  the  weight  of  a 
cubic  foot  of  any  gas  lighter  than  com- 
mon air,  we  also  compare  their  specific 
gravities.  Thus  the  specific  gravity  of 
ammoniacal  ^as  is  0.5,  and  that  of 
atmospheric  au*  being  =  1 ;  then  1 728-f-2 
=  864  grs.  will  be  the  weight  of  a  cubic 
foot  of  ammoniacal  gas.  And  so  on 
for  all  other  gaseous  bodies. 


ABLB   OF  SPBCII-iC    GRAVITIES. 


JUttifl 
ArMttie 
Anenions 


,  erfiUllised 
Do.     fuaed 
Citiie        •  • 

Formie 
Flaorie 
Molybdie 
M«ri»tie  . 
Nitric 

Uo.  hifhljrooaetntnkted 
Pbotphorie,  liqaid 

Do.         solid 
Sulpharie 
Agato 

Akobol,  absolute 
Do.     hi|(hl]r  rectified 
Dn.      of  commerce 
Alam 

Amber  from  1.065  to 

Ambrrgris      from  0.780  to 
Aacthjil,  common 
oriental 
Amtaotbtts      from  1.000  to 
AmaMsia,  aqoecos 
ArraffOBite 
Amrc^toae    . 
Barjtet,  Salphate  of,  from 

4.000  to 

Do.    Caibonata  of,  from 

4.100  to 

Basaltai     .    from  9.481  to 

Beryl,  ori«atal 

Do.   occidental  .  • 

Blood,  hnmaa 
Do.    eraasamentnm  of 
Do.    temm  of    . 
Boras 
Batter 
CaaiplM>r 
Caoateboac.  or  ladia  mbber 


1.O0S 
3.a91 

3.788 
0.607 

1.479 

1.803 

1.034 

1.116 

1.060 

3.460 

1.800 

1.971i 

1.SS3! 

S.80()| 
1.8S0! 
8.500 

0.797' 

0.809 

0.835, 

1.7141 

1.100 

0.986; 

8.750 

3.391 

9.313 

0.875 

8.900 

9.850 

4.865 

4.600 
3.000 
3.549 
8.783 
1.053 
1.345 
1.030 
1.714 
0.918 
0.988 
0.983 


Caraelian,  speckled 
Chalcedon/,  eommon,  from 

8.600  to 

Chalk,      .      from  9.858  to 

ChrysoUte 

Chrystalline  Lens  of  the  Eye 

Cinnabar,  from  Almaden 

Coals  from  1.080  to 

Copal 

Coral,  red        from  8.630  to 

white  from  8.510  to 
Conindum 
Cyder 

DiamoD'l.  oriental,  coIourleM 
Do.  colunred  varieties,  from 
3.533  to 
1X>.  Brazilijtn 

Do.  poloare J  rarirlieb,  from 
3.518  to 
Dolomite     .     from  8.540  to 
Drajpon's  Blood  (a  rejun) 
Kiher,  Acetic 

Mariatie 

Nitric 

Salpbnrie  from 

0.63'ito 

Emerald     .    fromS.60<)to 

Eaelase    .      from  8.900  to 

Fat  of  Beef 

Hogs 

Mutton 

Veal  . 
Felspar      .      from  8.438  to 
Hint,  black. 
Gamboge 

Garnet,  precious,  from  4.000 

to 
Garnet,  common,  from  3.676 

to 
Oases,— Atmospheric  Air  . 

Ammoniacal 

Carbonic  Acid 

Carbonic  Oxide 


9.613 

Oares,  Cartiuretted  Hydrogen  0.978 

Chlorine                       8.600 

9.65 

Chlorocarijonous  Acid  S.iTU 

9.697 

Chloropnusic  Acid       8. 159 

3.400 

Cyanogen    .            .1.805 

1.100 

Karhlurine                    8.440 

6.908 

Fluii1)i>ric  Acid             8.371 

1.300 

Klaohllicio  Acid  .        3.639 

1.045 

Hydriodio  Acid        .     4.340 

U.bSl 

Hydrogen             .        0.069 

9.570 

Muriatic  Acid               1.884 

3.710 

Nitric  Oxide           .     l.&U 

1.018 

Nitrogen           .           O.V!i 

3.581 

Nitrous  Acid        .         8.63H 

Nitrons  Oxide         .     1.6:^7 

3.550 

Oxygen                    .     1  111 

8.444 

rhoiiphareltod  Hydro- 

gen     .                .     O.WW 

3.550 

FnMMC  Acid                 O.S17 

8.830 

iSub-carburetted    Hy- 

1.9U4 

drogen                       0.555 

0.866 

Sub  •  phosphu retted 

0.789 

ditto                     .     0.972 

0.908 

Sulphuretted  do.           I  ltt» 

Stilphnrous  Acid           8.882 

0.776 

Glass,  crown                            8.520 

8.770 

green                              9.649 

3.300 

flint     .  from  9.760  to  3.0i»0 

0.983 

plate                             9.919 

0.936 

Oraniie            from  9.613  to  9.95  • 

0.983 

Gum  arable                                1.45^ 

0.934 

cherry-tree    .             .      1.4H1 

8.700 

Gunpowdv*  r,  louiie                    0 .  830 

8.683 

shakrn            .      O.ftK 

1.889 

solid  .                  1-74^ 

Gypsum,  compart,  from  1.878 

4.830 

to  8.883 

rrystalliied,   from 

3.700 

8.311  to  3  000 

1.000 

Heliotropf.    or    Dloodilnno 

0.599 

from  8  689  10  8  'AM» 

i.5ir7 

Honey                                     1  4Sa 

o.9r;« 

Honv»vs'Avap,  w  V\v\\\Ve.V^t«\ 

\.«ft\ft\.«*k 

Cl 

20 
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Hornblmd^,  common,  from 

3.250  tn  3.830 
basaltic,    from 

3. 160  to  3.333 
from  S.533  to  8.810 
from  4.000  to  4.780 
from  S. 358  to  3.816 
.     1.300 


(forn^tnne 
Hvacioth 

m 

Jaiper 
Jtff       . 

Iron.stiine  from  Carron 

Do.  I^nca^hire 

FsinfcLtM    . 
I  vory 

L.tpik  Nephriticns 
fjard 
L«ui,  Glance  or  Galena  from 


1.009 
3.391 
3.573 
l.Ul 


Mctalyi,  SteeU hardened      •    7-840 
tempered  and 
hardened        7.818 
Tellurium,  from  5. 700 

to  6.115 
Tin.  Cornish  7.391 

Do.  hardened        .     7.899 
Tnngnten  .        17-40 

Uraninm  .     9.000 

Zinc 


Derbyhhire,  from  6.565  to  7-786   Naphtha 
Limestone,    compact,    from 

^.3h6  to  3.000 
Magnesia,  native.  Hydrate  of  3.330 
Do.  Carbonate  uf, 

from  8.330  to  8.613 
MaUchtie.    compact,    from 
3.573  to 
Marble,  Carrara 


from  6.900  to  7-191 
Mica  .  .  from  8.650  to  8.934 
.Milk    .  .1.038 

1 .833  \  .Mineral  Pitch,  or  Asphaltam, 
8.8941  from  0.905  to  1.650 

0.947  I  Mineral  Tallow     .  .0  770 

j  Myrrh  (a  rewio)  .         1.360 


3.  99% 

8.716 

8.707 
8.704 
8.560 
1.074 


white  Italian 
llack  veined 
Parian 
Mastic,  (a  resinj 
Melanite,  or  black  Garnet, 

from  3.691  to  3.800 
Metals,  Antimony    .  6.703 

Arsenic  .  5.763 

Bismuth     .  .9.880 

firasH.  from 7- 834  to  8.1196 
Cadmium  .  .  8.600 
Chromium        .  5.900 

Cobalt        .  .     8.600 

Colnmbium  5.600 

Copper       .  .     8.900 

Gold,ca.Ht  .         19.85 

Do.  hammered  19.35 

I  ridiuin ,  hammered  93. 00 
Iron,  cant  at  Carron  7-348 
Ihi.  bar-hardened,  or 

not  .  .     7-788 

Lead  .  11.35 

Manganese  8.000 

Mercury,  solid,,  3**  be- 
low Oof  Fahr.  .  15.61 
Do.  at  33°  of  Fahr.  13.61 
Do.  at  60°  of  Kahr.  13.58 
Do.  at313°ofKahr.  13.37 
Molybdenum        .      8.600 

Nickel,  cakt       .        8.379 
forged       .     3.666 

Osmium  and  Rhodium, 

alio/ of  .  .19.50 

PallA«linm       .  11.80 

Platimm     .  .91.47 

PotAXMum  at59°Fah.0.865 

Rhodium         .  10.65 

Selenium  .      4.3(K) 

Silver     .  .  10.47 

hainiitr>re<i     .    10.51 


from  0.700  to  0.847 
Nitre    .  .  1.900 

OUidian  .  from  8.348  to  8.370 
Oils,  Kssential— Amber  .  0.868 
Anise  seed  .  0.986 
Carraway-seed  0.904 
Cinnamon  .  1.043 
Cloves  1.036 

Fennel  .0.989 

Lavender  0.894 

Mint,  commoD  0.898 
Turpentine  .  0.870 
Wormwood  .  O.907 
Expressed — Sweet  Al- 
monds .  0.93B 
Codfish  0.983 
Filberts  .  .  0.916 
Hempseed  .  0.996 
Linseed  .  .  0.940 
Olives  0.915 
Poppyseed  .  0.939 
Rapeseed  .  0.913 
Walnnts       from 

0.933  to  0.947 
>>'hale      .        .    0.933 
0|>al,  precious  8.114 

Do.  common,  from  1.938  to  9.114 
Opium       .  .  .      1.336 

Orjiinieat     .    from  3.048  to  3.500 
Oyster•^hell        .  .        8.093 

Pearl,  Oriental,  from  8.510 

to  8.750 
Pearbitone        .  8.340 

Peat     .       .     fromO.600  to  1.389 
Peruvian  Bark  .     0.784 

Phosphorus       .  .         1.770 

Pitchstone       from  1.970  to  8.730 
Plumbago  or  Graphite,  from 

1.98710  8.400 
Poroelain  from  China      .      3.384 
Sevres      .      8.145 
Porphyry    .     from  3.459  to  3.973 
Porphyry,  Scltxer  .       1.003 

Proof->pirit  .  .         0.983 

Pumice-stone   from  0.753  to  0.914 
Quarts  from  3.C34  to  3.7W» 

Realgar     .     from  3.335  to  3.. 338 
Rock-crystal,  from  'J.581  to  8.888 


„   .  ,  Ruby,  Oriental        .  .     4.883 

S.^.nmat5^Fahr.  0.973  s^l^,^         .  .        jj.l^j 


Sttel.  iHtft 

ti>mpered 


'  •**'*3j  Sapphire,  Oriental,  fnim  4.000 
7-8*«|  to  4.900 


SardMyi    .   from  9. Ml  to  i.M 

Scftnmonj  of  Snfnua      .    1.174 
Aleppo       .    1.88t 
Schorl  from  S.9i2  lo  8.488 

Serpentine      fmn  9.964  to  9.90 
Shale  .    S.6M 

Silver  Olanee.  from  6.30O  to  7SII 
Slate- (drawinf)  .  .9.110 

Smalt  9.440 

Spar,  Flnor.    from  3.094  to  3.791 
Doi  calcareons,  from  9.620 

to  9.837 
Do.    double    refrg.    froB 

Cahtleton     .         .    9.7S4 
Spermaceti  .    0.943 

Spodumene    or   Triphane, 

from  3.000  to  3.S18 
Stalactite  .  from  9.383  to  9.546 
Steatite  from  9.400  to  8.663 

Steam  of  water  .0.481 

Stilbite      .     from  9.140  to  8.9M 
Strontian,  Sulpha^  of,  from 

3.5«  to  S.9S8 
Do.  Carbonate  of,  from  8.C5B 

to  S.67I 

Stone,  Bristol,  from  S  510  toS.M 

cutlers*         .  .    9.111 

frinding-  .  9.148 

hard  9.4« 

paving,  from  S.4l5to8.7M 

Portland  .         9.4S6 

Rotten  .  1.981 

Sngar  .       1.6N 

Snlphar,  native  .         S.OB 

fused  l.SM 

Talc,  from  9.000  to  3.0M 

Tallow  0.941 

Topas  from  4.010  to  i. 961 

Tourmaline     from  S.OsW  to  S.SM 

Tnn|uoise,  from  9.500  to  .    3.04V 

Ultramarine  8.361 

Uranite  .  .3.196 

Vesuvian    .     from  3.3U0  tc  3.S7S 

Vinegar  from  l.U  13 to  1.080 

Water.  distiUed  l.NI 

Sea  .     1.0» 

Wat jr,  of  Dead  Sea  1.840 

Wax,  Bees'  0.964 

White  .    0.96B 

Shoemakers*        .         0.897 

Whey,  Cows'  1.019 

Wine,  Bounleanx  0.993 

Burgundy  .         0.991 

Conntance  1.0^1 

Malaga  l.Q^'3 

Port  C.99; 

White  Champagne       0.937 

Wood,  Alder  0.800 

Apple-treo  0.793 

Ash  0.819 

Bay-tree  0.883 

Beech  0.853 

Box,  French  0.9U 

Dutch  i.a» 

Brusiliaa,  Red       .    1.081 

Campeachy         .        0.913 

Cedar.  WJd  .   O.Bii 
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1,  Cc<ar,  Imllm 


Do.  I'lJiu 


Uain-ln. 
Mutick-ir 


n^  Syplton — Intermilting  Spring*. 


and  placing  the  thumbs  upon  ils  two 
opennijECs,  you  turn  it  upside  down,  and 
place  it  in  a  )>asin  of  wnttr,  the  hquid 
will  lUnd  in  it.  Let  one  of  the  branches 


A  B  (fg.  22.)  Im  broui;ht  out  of  the 
water,  and  over  the  ed^  of  the  vessel; 
the  preuure  upon  the  mouth  of  the 
branch  at  B  is  equal  to  the  pressure  on 
the  mouth  at  G  ;  for  it  is  in  both  cases 
the  weifcht  of  the  air  whii-h  presses  on 
the  surface  of  the  water  I K,  and  makes 
the  water  remain  in  the  lube  AG,  and 
which  also  presses  against  the  water 
in  the  tube  A  B ;  and  the  weight  of 
the  air  meets  with  the  same  weight  of 
water  to  balance  il  in  both  branches, 
because  the  height  of  both  a  equal. 
Therefore  the  water  wi]]  not  run  through 
the  Iut>c.  But  if  the  branch  AB  be 
lengthened  to  L,  then  there  being 
a  greater  weight  of  water  in  A  B  L 
than  in  G  A,  it  will  overcome  the  pres- 
sure of  the  air  at  L ;  the  water  will 
flow  out  of  the  tube,  and  the  water  in 
the  basin  will  be  foreed  up  through 
A  G  until  the  basio  a  emptied,  it  the 
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arm  AG  is  held  to  the  bottom,  and 
the  bottom  is  higher  than  the  mouth 
L  of  the  tube.  This  kind  of  tube  is 
called  a  Syphon,  and  is  very  conveni- 
ently used  for  dJecanling  liquors  from 
casks  or  other  vessels,  when  it  is  wished 
to  draw  them  off  without  shaking,  or 
when  there  is  a  sediment  at  tlie  Imttom 
which  it  is  wished  to  leave. 

Tlie  strange  appearance  of  inter- 
mitting springs,  or  springs  which  run 
for  a  time,  and  then  slop  altogether,  and 
after  a  lime  run  again,  and  then  stop, 
is  entirely  occasioned  by  the  channela 
in  whith  the  water  flows  being  formed 
like  sj-phons.  Thus  if  A  B  C  {fg.  23.) 
represents  a  hill  or  mounlain,  in  which 
there  is  a  hollow  E  F  G,  and  a  channel 
bent  like  a  syphon  FHB  leading  out 
of  it,  The  water  collected  fromlhe  rilla 
d,a,d,  will  fill  the^hollow,  and  as  soon 
as  it  rises  to  the  line  U  P.  of  the  same 
height  with  H,  it  niU  rise  to  H  in  the 
channel,  and  then  flow  out  through  B, 
till  the  whole  runs  off  to  the  level  of  F. 
it  will  then  cease  to  flow  until  the  hoi- 
low  is  again  filled  to  the  level  O  P. 
when  it  will  Sow  agnin,  and  so  on. 
Some  springs,  called  variable  or  re- 
eiproraiing,  do  not  cease  to  flow, 
but  only  dischni^e  a  much  smaller 
quantity  of  water  for  a  cerloin  time, 
and  then  give  out  a  greater  quantity. 
This  may  be  owing  to  unolher  hol- 
low situated  higher  up,  which  has 
a  common  runner  going  to  join  the 
stream  below  ihe  bend  TI ;  for  this 
runner  keejis  the  stream  always  sup- 
plied to  a  certain  degree,  and  when  the 
lower  hollow,  which  freds  the  syphon 
runner  FH,  is  filled  up  to  OH,  both 
Ihe  common  runner  and  the  syphon 
runner  feed  the  stream  together,  un- 
til the  lower  hollow  is  drained.  Or  it 
may  l>e  owing  to  another  runner  I  K, 
from  Ihe  same  hollow,  situated  lower 
down,  and  going  into  \t\e  «^^\viiycvT>i&x>.<« 
FHB;  foT,if  Iheloviin  xuimt^i  X>%Vno 
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small  to  cany  off  the  supply  from  the 
rills  d,  d,  d,  the  water,  as  soon  as  it  sinks 
to  F,  and  the  syphon  stops,  will  begin 
to  rise  again ;  and  it  will,  therefore, 
never  descend  to  the  level  of  I ;  and, 
consequently,  the  runner  I  K  will  flow 
without  ceasing,  either  augmenting  the 
syphon  stream  when  it  runs,  or  running 
by  itself  when  that  stops. 

In  some  places  the  most  absurd  tales 
are  told,  and  believed  by  ignorant 
people,  respecting  such  sprmgs ;  their 
flowing  and  ceasing  arc  ascribed  to 
witchcraft;  and  designing  men  have 
sometimes  taken  advantage  of  the 
credulity  of  others,  and  gained  credit 
for  themselves,  by  foretelling  the  re- 
turn of  the  spring  after  it  had  ceased, 
or  pretending  to  stop  it  when  it  was 
running.  Some  notions  connected 
with  superstitions  of  this  kind  are 
adverted  to  in  the  account  given  of 
an  intermitting  or  rather  a  variable 

Siring,  at  I^ywcll,  near  Torbay,  in 
evonshire,  by  Dr.  Atwell,  the  first 
person  who  distinctly  explained  these 
appearances  l)y  the  nature  of  the  sy- 
pnon.  "It  is  a  long  mile  (says  he) 
distant  from  the  sea,  upon  the  north 
side  of  a  ridge  of  hills  lying  between  it 
and  the  sea,  and  making  a  turn  or 
angle  near  this  spring.  It  is  situated 
in  the  side  of  those  hills,  near  the 
bottom,  and  seems  to  have  its  course 
from  the  S.W.  towards  the  N.E.  There 
is  a  constantly  running  stream  which 
discharges  itself  near  one  comer,  into 
a  basin,  about  eis:ht  feet  in  Icnjrth,  and 
four  feet  and  a  half  in  breadth,  the  out- 
tet  of  which  is  at  the  furthest  end  from 
iJie  entrance  o£  tJu*  stream,  alK)ut  three 
ibct  wide,  and   of  a  sufficient  Y\cig\\V. 


This  I  mention,  that  a  better  judgment 
may  be  made  of  the  perpendicular  rise 
of  the  water  in  the  basin  at  the  time  of 
the  flux  or  increase  of  the  streuL 
Upon  'the  outside  of  the  basin  an 
three  otiier  si)rings,  which  always  nm, 
but  with  streams  sulnect  to  a  like  re- 
gular increase  and  decrease  with  the 
former :  they  seem  indeed  only  hrancbet 
of  the  former,  or  rather  channels  dis- 
charging some  parts  of  the  constantly 
running  water,  which  could  not  empty 
itself  all  into  the  basin ;  and,  therefixt, 
when,  by  means  of  the  season  or  wet- 
ther,  springs  are  large  and  high,  upon 
the  flux  or  increase  of  this  fbuntain. 
several  other  little  springs  are  said  to 
break  forth,  both  at  the  bottom  of  the 
basin  and  without  it,  which  disappeir 
again  upon  the  ebb  or  decrease  or  the 
fountain.  All  the  constant  running 
streams  put  together,  at  the  time  I  saw 
them,  were,  I  believe,  more  than  suffi- 
cient to  drive  an  overshot  mill,  and  the 
stream  running  into  the  basin  might  be 
one-half  of  the  whole.  *  I  had  made  a 
journey,  purposely  to  see  it,  in  company 
with  a  friend;  when  we  came  to  the 
fountain,  we  were  informed  by  a  man, 
working  just  by  the  basin,  that  the 
spring  had  flowed  and  ebbed  about 
twenty  times  that  morning,  but  had 
ceased  doing  so  about  half  an  hour  he- 
fore  we  came.  I  observed  tlie  stream 
running  in  the  basin  for  more  than  aii 
hour,  by  my  watch,  without  perceiv- 
ing the  least  variation  in  it,  or  the 
least  alteration  in  the  height  of  tiie  sur- 
face of  the  water  in  the  basin ;  which 
we  could  observe  with  great  niceh',  by 
meftfis  of  a  broad  stone  laid  in  a  shelv- 
ing \K>»v\JLOU  m  \2^«  ^«X«t .    Thus  dittp- 
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pointed,  we  were  obliged  to  fm  and 
take  some  little  refreshment  at  our  inn, 
■Aer  whirli  wc  intended  to  come  bock 
and  spend  the  rest  of  our  time  bythe 
fountain,  Ijefore  we  returned  home.  Tliey 
InU  11^  in  the  house  that  many  had 
been  di'tappointed  in  this  manner,  and 
the  eommon  people  superslitiously  tm- 
ptitnl  it  to  1  know  not  what  inHuenco 
whit-h  the  presence  of  some  people  had 
oyvT  the  fountain ;  for  which  rtrason 
Ihcy  ailvised,  that,  in  case  it  did  not 
Riiw  and  ebb  when  yfe  were  Iwth  pre- 
te:il,  one  of  ns  should  absent  himself, 
to  try  whether  it  would  do  so  in  the 
presence  of  the  other.  Ujwn  our  re- 
turn to  it,  the  man,  who  was  still  at 
work,  told  U3  that  it  had  be^un  to  flow 
and  ebb  atxiut  half  an  hour  afler  we 
Bent  away,  and  had  done  so  ten  or 
twelve  times  in  less  than  a  minute. 
We  saw  the  stream  comini;;  into  the 
basin,  and  likewise  the  others  on  the 
Mltside  of  tlie  basin  be^in  lo  increase, 
snd  to  flow  with  Ereat  Tiotence,  upon 
which  the  surface  of  the  water  in  the 
buin  rose  an  inch  and  a  quarter  per- 
pendicular!}', in  near  the  space  of  two 
minutes ;  immediately  afler  which,  the 
itream  hei^n  to  abate  aRain  to  its  ordi- 
naiy  course,  and  in  near  two  minutes 
time  the  surface  was  sunk  down  to  its 
usual  hei|rht,  where  it  rcmaintid  two 
minutes  more ;  then  it  be^an  to  flow 
i^in  as  bef(»e,  and  in  the  spoce  of 
twenty-six  minutes,  flowed  and  elibed 


>   that  a 


.Tease,  and  pause,  taken  toiiellKT,  were 
iiade  in  about  live  minutes,  or  a  little 
norc.  1  could  observe,  by  the  mark 
ipon  the  atones,  that  the  surface  of 


the  water  in  Ihn  basin  had  rose  befbr* 
we  came,  at  least  three-aunrters  of  an 
inch  perpendicularly  higher  than  we 
saw  it ;  and  I  thoui^ht  that  I  could  per- 
ceive some  very  little  abatement  each 
turn,  both  in  the  heifjlil,  and  in  the 
time  of  its  sinking ;  but  the  time  of  the 
pause,  or  standini;  on  the  surface  at  ils 
usual  heifrht,  or  e<iuable  running  of 
the  slream,  was  lenicthened,  yet  so  tu 
to  leave  some  aliatement  in  the  time  of 


It  should  seem  that,  in  the  hill  from 
which  this  stream  comes,  there  are 
three  hollows,  or  reservoirs,  of  different 
sizes,  and  connected  by  syphons  of 
different  widths.  The  limes  of  the  in- 
crease and  decrease  lengthening,  arises 
from  the  water  sinkinR  in  one  of  the 
reservoirs,  which  makes  it  flow  more 
slowly  than  when  it  is  full 

In  some  places  there  are  sprinffi 
whii'h  run  fn-ety  in  summer,  or  m  dry 
weather,  and  almost  slop  in  winter,  or 
in  wet  weather.  This  is  nwin^  to  a 
hollow  in  the  hill  being  fed  by  runners, 
but  having  beside  the  vent  through 
which  the  spring  flows  out,  a  waste 
pipe  F  L  G  like  a  syphon,  which  carries 
off  tlie  water  another  way  as  soon  as  the 
space  is  Hlled  hijih  enough.  Thus  if  the 
eavem  is  Uii  wilh  water  by  the  riinnera 
E,  E,  E,  (_fig.  U.)  and  these,  fhim  the 
drought,  are  not  suflicient  to  raise  ils 
level  as  hii;^  as  1  K,  the  syphon  nut- 
let F  I.  G  ('ftnnol  net  at  all ;  hut  the 
stream  H  will  flow  conslantly.  lint 
if,  during  wet  wenlluT,  the  runners  feed 
the  eavem  fiisler  than  Ihe  stream  Hvan 
empty  it,  tlie  water  will  rise  to  the  level 
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ofLK,  and  the  syphon  ontletwill  begin  so  as  to  leave  no  room  for  any  of  tht 

to  act,  wliich,  together  with  the  stresim  wine  in  the  middle,  which  lies  flat  and 

of  the  spring:,  may  soon  reduce  the  water  level,  but  only  to  leave  room  for  the 

to  the  level  of  H,  or  below  it ;  and,  con-  small  rim  of  hquor  raised  up  all  round 

sequcntlv,  the  spring  wiU  cease  to  run.  on  the  side  of  the  glass ;  in  other  words» 

If  now  the  syphon  drain  off  as  much  as  suppose  a  very  small  tube,  placed  with 

the  runners  supply,  and  the  aperture  F  its  lower  end  just  so  as  to  touch  the 

be  lower  than  H,  the  water  will  not  rise  liquor ;  it  is  evident  that  the  liquor  will 

to  H,  nor,  of  course,  the  spring  flow ;  stand  up  somewhat  higher  in  the  tube 

but  when,  in  consequence  of  the  drought,  than  on  the  outside;  and  if  the  tube 

the  runners  E,  E,  E,  lessen  their  supply,  be    made    smaller   and    smaller,    the 

the  syphon  gains  on  them,  and  at  length,  liquor  will    rise  higher,  there    being 

sinking  the  water  to  F,  stops.    There  always  less  weight  of  liquid  to  keep 

being  now  no  water  draining  from  the  it  from  rising  and  counterbalance  the 

cavern  it  rises  to  H.  through  which  it  attraction  of  the  glass. 

will  continue  to  run  again  until  the  re-  Tubes  of  this  very  small  bore  are 

turn  of  wet  weather  once  more  brings  called  Capillary,  from  a  Latin  word, 

the  syphon  into  action.    The  less   L  sisrnifjing  hair,  because  they  are  small 

ascends  above  the  level  of  H,  and  the  like  hairs.      Generally,    any  tube   of 

less  F  descends  beneath  it,  the  more  less  than  the  twentieth  of  an  inch  dia- 

easily  these  phenomena  are  produced,  meter  in  the  inside  is  called  a  capiUary 

and  tlie  more  closely  they  follow  the  tube ;    and   if  it   is  placed   so  as  to 

changes  of  weather.  touch  the  surface  of  water,  the  vra- 

ter  will  rise  in  it  to  a  height  which  is 

,^  greater  the  smaller  tlie  bore  of  the  tube 

Chaptbr  VIII.  is.    If  the  diameter  of  the  tube  is  the 

^     .„        A,^      t'  fiftieth  part  of  an  inch,  the  water  will 

CofxUary  Attraction.  ^  ^^  ^^  ^^j^^^  ^j 2^  'i^^^^ .  ^.^y^ 

Hitherto  we  have  seen  no  exception  the  hundredth  part  of  an  inch,  the 
to  the  general  rule,  that  all  the  parts  of  water  will  rise  5  inches  ;  if  the  two 
a  liquid  stand  always  at  the  same  hundredth  part  of  an  inch,  the  water 
height  if  left  to  themselves,  and  that  will  rise  10  inches,  and  so  on  in  pro- 
consequently  no  liquid  can  of  itself  portion  as  the  l)ore  is  lessened.  Now 
rise  higher  m  the  inside  of  a  tube,  than  tlie  quantity  of  water  raised  in  these 
it  stands  on  the  outside.  But  there  is  tubes  is  in  proportion  to  the  square  of 
an  exception,  or  rather  an  apparent  ex-  the  diameter,  multiplied  by  the  height 
ccption,  to  this  rule,  which  must  now  it  rises  to,  because  cylinders  are  to  one 
be  explained.  another  as  the  squares  of  their  diame- 
If  a  drop  of  water,  or  any  liquid  of  a  ter  multiplied  by  their  lengths ;  there- 
like degree  of  fluidity,  be  pressed  upon  fore,  the  height  being  inversely  as  the 
a  solid  surface,  it  will  wet  that  siuiiice,  diameter,  it  follows,  that  the  quantity 
and  stick  to  it,  instead  of  keeping  toge-  of  water  raised  is  in  proportion  to  the 
ther,  and  running  off  when  the  surface  diameter ;  and  the  cutjumferences  of 
is  held  sloping.  This  shows  that  the  the  tubes  being  also  in  the  proportion  of 
])arts  of  the  li<iuid  are  more  attracted  the  diameter,  it  is  plain  that  the  (^uan- 
by  the  parts  of  the  solid  than  by  one  tity  of  water  raised  is  in  proportion  to 
another.  In  the  same  manner,  if  you  the  circumference  of  tlie  tube,  or  the 
observe  the  edge  of  any  liquid  in  a  quantity  of  matter  in  the  ring  of  the 
vessel,  as  wine  in  a  glass,  and  note  tube  wliich  first  touches  the  water. 
where  it  touches  the  class,  you  will  see  From  hence  arises  a  probability  that 
that  isnot  quite  level  close  to  the  glass,  this  effect  is  produced  by  the  attrac- 
but  becomes  somewhat  hollow,  and  is  tion  of  the  ring  of  the  tube.  But  the 
raised  up  on  it,  so  as  to  stand  a  little  subject  is  involved  in  considerable  ob- 
higher  at  the  edge  than  in  the  middle  scurity ;  and  although  philosophers  have 
and  other  parts  of  its  surface.  It  ap-  tlurown  much  light  upon  it  by  mathe- 
pears,  therefore,  that  there  is  an  attrac-  matical  reasoning,  great  doubt  remams 
tion  at  very  small  distances  fi-om  the  respecting  the  explanation  of  the  feet, 
edge,  sufficient  to  suspend  the  part  of  Some  hold  that  the  water  is  raised  and 
the  fluid  near  it,  anc!  prevent  it  from  supported  by  the  attraction  of  the  ring 
sinking  to  the  level  of  the  rest.  Sup-  of  glass  imme<liately  above  the  water's 
pose  tlie  wine-glass  to  be  diminished  surface  ;  but  tlien  the  ring  immediately 
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mter,  that  is,  the  bottom  of  llie  tube, 
■Itracts  it,  there  being  no  ring  below  to 
dnw  it  down.  But  thii  seems  not  veiy 
well  to  explain  hon  this  ring  pushes 
the  water  up  piist  it ;  for  it  ought  na- 
turally to  draw  it  back  as  much  as  the 
tecondringdrawsitup;  and  still  less  how 
the  water  remains  suspended  without 
running  out  at  the  top,  when  you  break 
off  the  tube  below  the  point  to  which  it 
rises.  However,  the  ffict  of  the  water 
rising  higher  the  smaller  the  tube  is, 
cannot  be  doubted,  and  there  are  some 
other  facts  equally  well  ascertained. 

If  a  tube  have,  indifferent  fiy.itt. 
parts,  two  bores,  as  A  D 
Uie  larBcr,  and  E  F  the 
fimUkr,  the  water,  if  raised 
I7  motion  or  otherwiae,  will 
itand  at  the  same  height  E. 
at  which  it  would  have  stood 
if  the  small  tube  E  F  were 
continued  down  to  the  sur- 
fitce  of  the  water  A  B ; 
and    this   will    take    place 

whatever    be   the  bore    or       

■hape  of  A  B  D  C,  provided  E  F  be 
Chilian'  tube,  and  the  experiment  be 
not  made  in  vacuo:  sothatthe  water  will 
stand  in  the  largcrtubc.orin  any  vessel 
ending  in  a  capillan'  tube,  as  well  as  if 
it  were  elosed  at  the  top ;  and  if  the 
tube  or  vessel  be  turned  upside  down, 
the  water  will  stand  as  high  as  it  would 
have  done  in  the  smaller  tube  alone. 

If  a  capillary  tube,  like  the  one  above, 
composed  of  two,  or  a  tube  tapering  to 
one  end,  lie  tilled  with  liquid,  and  placed 
horiionlally,  the  liquid  will  run  towards 
the  narrow  part,  and  leave  the  wide 
part  towards  the  mouth  empty. 

If  a  capillary  tube  be  tient  into  the 
tbrm  of  a  syphon,  the  water  will  rise 
as  high  as  if  it  were  straight,  and  so 
may  reach  the  middle  of  llie  l>end,  but 
it  will  not  run  over  through  the  other 
leg.  If  the  syphon,  however,  is  filled 
in  both  legs,  and  one  is  made  so  much 
longer  as  to  counterbalance  the  attrac- 
lifin  which  keeps  it  in  the  other,  it  will 
flow  over,  nndwill  thus  bring  the  water 
liora  one  place  to  another. 

If  a  plale  of  glass  be  placed  with  its 
upright  edge  against  another  plate,  and 
Lept  in  a  slantiig  position  towardsit,  at 
an  inelination  to  it  of  about  1  -3Gtli  part 
perpendicular,  (that  is.  at  an  angle  of 
about  H  dcg.),  and  the  lower  edges  of 


both  platM  be  placed  in  any  watery 
liquid, 'the  liquid  will  rise  between  the 
plates,  and  it  will  rise  higher  the  nearer 
it  is  to  the  upright  edge;  that  is,  the 
smaller  the  space  is  between  the  two 
plates  ■  so  that  the  limiid  will  form  itself 
into  a  cur\e  line.  Thus,  if  the  plates 
ABDC  and  AEFC{/g-.  26.)meetin 

fi9.2G. 


the  edge  A  C.  and  are  held  very  near  each 
other,  but  not  touching,  except  in  A  C, 
the  liquid  in  which  they  are  placed  will 
rise  between  them,  and  stand  in  tlie 
form  of  D  I G  L  ;  the  height  of  tha 
liquid  at  any  point  O,  that  is  GH, 
being  greater  in  proportion  as  its  dii* 
tance  from  A  is  less.  So  that,  if  C  K 
is  twice  as  long  as  C  H,  I  K,  will  be 
half  ns  long  as  G  H.  This  curve  is 
well  known  to  mathematicians  imder 
the  name  of  hyperbola.  It  is  the 
same  line  which  is  made  by  cutting 
a  cone  through  its  sides  and  base, 
in  a  direction  perpendicular  to  its  base. 
When  water  is  the  liquid,  it  rises  to  the 
height  of  2I1  inches  at  the  point  where 
the  two  plates  are  I-lOOth  of  an  inch 
asunder,  and  so  in  proportion,  the 
height  being  I  i  inch  where  the  distance 
is  1-SOth,  or  5  inches  where  the  dis- 
tance is  1  -20Clth  of  an  inch.  And  if  the 
plates  are  held  parallel  to  one  another, 
and  very  near,  the  upper  edpe  of  the 
liquid  will  be  a  straight  line.  This  rise 
is  plainly  owing  to  the  same  at&action 
which  acts  in  capillaiy  tubes ;  for 
the  two  plales  may  be  considered  oa 
an  assemblage  of  an  infinite  number  of 
capillary  lubes  of  bores  always  dimi- 
nisding  lill  at  A  B  the  bore  is  nothing. 
So  if  a  number  of  eapillam  tubes,  each 
one  smaller  than  the  next,  De  placed  up- 
right in  a  row  and  resting  upon  a  hmiid, 
it  will  rise  in  them  to  ditferenl  heights; 
and  if  the  bores  of  Ihe  tubes  diminish 
in  proportion  as  Ihey  are  nearer  the  end 
of  the  row,  the  \v(\\\\A  vi\\\  sVaxvi  "w 
them  at  ^ffwenl  Ww^hXa,  w  *»»*•  '** 
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heights  in  the  different  tubes  will  be  in  stands  up  at  the  edge  of  the  veiiel  eon- 

the  same  curve  line  as  the  upper  edge  taining  it,  unless  the  vessel  be  made  of 

of  the  liquid  between  the  plates.  silver,  or  tin,  or  some  other  substance 

The  height  to  which  water  rises  in  with  which  mercuiy  has  a  stroi^  cbe« 
the  tube,  wc  have  seen,  is  2\  inches  mical  affinity.  Watery  fluids  sink  in- 
when  the  diameter  of  the  tube  is  stead  of  rising  in  tubes,  or  between 
l-50th  of  an  inch,  and  it  rises  be-  plAtes,  which  are  oiled  or  waxed.  The 
tween  the  plates  to  the  same  height  thicknessof  liquors  seems  to  have  but 
when  they  are  twice  as  near,  or  only  little  influence  on  their  capiUaxy  attrie- 
1-1 00th  inch  asunder.  But  this  differ-  tion,  nor  has  their  heat ;  for  white  var- 
ence  is  what  mii^ht  be  expected,  upon  nish,  which  is  exceedingly  thick  and 
the  supposition  that  the  rise  is  owing  to  viscid,  rises  nearly  as  high  as  spirit  of 
the  attraction  of  the  glass  ;  for  in  the  wine,  and  hot  and  cold  water  stand  at 
tube  there  is  glass  all  round,  and  it  mav  nearly  the  same  height,  the  hot,  how- 
be  supposed  U>  be  a  small  square,  each  ever,  standing  lower  of  tlie  two. 
of  the  foiur  sides  acting  on  the  water ;  It  is  one  consequence  of  capillaiy 
whereas  the  plates  have  only  two  sides  attraction,  that  when  light  bodies,  cuia- 
acting,  and  therefore  little  more  than  ble  of  being  wetted  by  any  liquid,  float 
half  the  power.  upon  it,  and  come  veiy  near  each  other. 

The  action  of  the  tubes  or  plates  upon  they  are  drawn  together  as  if  they 
liquids  depends  upon  the  nature  of  the  attracted  one  another;  but  this  is  owing 
solid  substances  of  which  they  arc  to  the  fluid  being  raised  on  their  sides, 
made.  If  the  glass  is  smeared  with  and  when  very  near  it  becomes  raised 
grease  so  that  water  will  not  stick  to  it,  between  them  and  attracts  them.  The 
that  liquid  will  not  rise  at  all ;  nor  will  it  same  thing  happens  when  two  light  bo- 
rise  between  two  cakes  of  wax  or  of  dies,  not  capable  of  being  wetted,  float 
grease.  So  different  liquids  rise  to  dif-  very  near,  for  they  make  the  fluid  Mi. 
ferent  heights  in  the  same  tul)e ;  but  not  between  them,  and  the  bodies  are 
according  to  their  specific  gravity;  for  pressed  together  by  the  siuroundxng 
oil  of  turpentine,  wnich  is  one-seventli  fluid.  But  when  one  body  is  capable 
lighter  than  water,  only  rises  one- fourth  of  being  wetted,  and  the  other  not, 
as  high ;  and  aqueous  ammonia,  which  they  are  driven  back  one  firom  the  other, 
in  the  table  of  speciiic  gravities  appears  because  the  fluid  being  raised  by  the 
to  be  about  a  tenth  lighter  than  water,  wetted  body,  on  one  side  of  the  diy 
and  consequently  heavier  than  oil  of  body,  and  sunk  on  the  other,  the  dxy 
turpentine,  rises  higher  than  water  by  body  is,  as  it  were,  on  a  slope,  and 
nearly  a  fifth,  and  consecjuently  nearly  falls  away  from  the  other, 
five  times  higher  than  oil  of  turpen-  Capillary  attraction  performs  many 
tine.  Spbrit  of  wine,  somewhat  lighter  important  offices  in  nature.  Probably 
than  oil  of  turpentine,  rises  nearly  the  distribution  of  moisture  in  the 
twice  as  high,  or  about  |  as  high  as  earth  is  regulated  by  it ;  and  there  is 
water.  Mercury  does  not  rise  at  all,  no  doubt  that  the  distribution  of  the 
cither  between  the  plates  or  in  the  juices  in  plants  depends  principally 
tubes,  unless  they  have  been  completely  upon  it.  The  rise  of  the  sap  and  its 
deprived  of  moisture  by  repeated  boil-  circulation  is  performed  in  the  fine 
ings  of  the  mercury  in  them,  and  then  ca])illaiy  tubes  of  the  wood  and  bark, 
the  mercury  ascends  like  water:  on  whiih  are  the  arteries  and  veins  of  ve- 
the  contrary,  it  usually  sinks  consi-  gotables.  Any  one  may  perceive  how 
dcmbly  lower  than  its  level  outside  this  process  is  performed,  by  twistinij 
the  tube  or  plate.  In  a  tubeof  l-5th  together  several  threads  of  cotton  or 
inch  bore,  it  sinks  1-1 1th  of  an  inch;  and  worsted,  and  wetting  them.  If  they 
in  a  tube  of  1-1 0th  inch  bore,  it  sinks  are  then  put  in  a  glass  of  any  co- 
abont  l-5th  of  an  inch;  so  that  the  loured  fluid,  as  red  wine  or  ink,  and 
sinking  is  in  the  same  proportion  to  the  allowed  to  hang  down  to  the  plate  on 
bore  ofthe  tubes  inmercuryas  the  rising  which  the  glass  stands,  the  fluid  will 
in  wateiy  fluids,  ])eing  inversely  as  the  soon  be  pert^eived  to  creep  up,  and 
diumcters;  and  melted  lead  is  found  to  colour  the  whole  of  the  threads,  red  or 
sink  in  the  same  manner,  and  accord-  black,  as  the  case  may  be ;  and  in  a 
ing  to  the  same  rule.  Again,  it  is  ob-  short  time  the  whole  contents  of  the 
ser\able  that  ratTcury,  (and  probably  glass  will  come  over  into  the  plate, 
melted  lead,)  which  sinks  in  this  way,  CapiUaiy  tubes  may  in  this  manner 
Ms  always  a  round  surface,  and  never  cairy  juices  upwards,    and  distribute 


HYDROSTATICS. 


37 


them  through  plants.  The  juice,  it  is 
true,  cannot  be  so  carried  from  a  lower 
to  a  higher  level  in  a  capiUaiy  tube,  and 
flow  out  from  the  top ;  but  it  may  be 
carried  upwards  in  one,  and  forwards 
mto  others,  partially  oblique,  and 
from  these  it  may  be  carried  upwards 
•gain  in  a  third  set  of  tubes. 

SponjBy  bodies  act  in  all  probability 
on  liquids  in  the  same  manner,  by 
means  of  a  great  number  of  extremelj 
small  capillary  tubes,  of  which  then* 
substance  is  entirely  composed. 

The  attraction,  by  means  of  which 
capillary  tubes  and  plates  nearly  touch- 
ing, act  on  fluids,  may  be  seen  vexy 
easily  by  placin^^  a  drop  of  water  upon 
any  surface  which,  from  being  oiled, 
or  from  any  other  cause,  cannot  be 
easily  wetted.  It  assumes  a  round- 
ish form.  If  over  this  you  hold  any 
flat  surface,  easily  wetted,  you  will 
perceive  that,  when  it  is  brought  near, 
but  not  touching,  the  upper  part  of  the 
drop  rises  to  meet  it,  and  by  moving 
the  sur&ce  to  a  greater  distance  the 
drop  becomes  lengthened  out,  broader 
on  the  two  surfaces,  and  narrow  in  the 
middle.  If  the  seSond  siuface,  instead 
of  being  held  parallel  to  the  first,  is 
placed  upright  upon  it,  and  brought 
near  the  side  of  the  drop,  the  water 
is  drawn  .towards  it,  and  stands  up 
against  it  in  the  comer  with  a  hollow 
surface :  as  in  a  glass  containing  any 
liquid  formerly  mentioned.  And  in 
this  manner,  when  any  vessel  is  nearly 
full,  but  not  overflowing,  the  liquor 
may  be  made  to  run  over,  by  placing 
any  body  upon  the  top  and  leaning 
over  the  edge,  so  that  it  touches  the 
liquor  and  raises  it  to  that  edge. 


Chapter  IX. 

Mathematical  Illustrations  *, 

1 .  I^  A  B  C  D  (/g.  27.)  be  the  sec- 
tion of  a  vessel  filled  with  any  liquid ; 
the  pressure  of  the  liquid  upon  the 
base  B  C,  is  measured  by  tne  area 
of  the  base  multiplied  into  the  alti- 
tude A  B.  Thus  if  the  figure  is  a 
cube,  the  pressure  is  the  weight  of 
a  bulk  of  tne  liquid  equal  to  the  cube 
of  B  C :    if  a  rectangular  parellelo- 


■  The  foregoing  Chaptm  contain  the  scimce 
•a«plc«l  to  reaileni  who  are  unaeqaaintcd  with  the 
If  atbenatioa.    These  may  paM  orer  this  conclading 


piped,  the  presssure  is  equal  to  B  C« 
X  A  B  the  depth  of  the  liquid:    if  a 


cylinder,  it  is  B  C  «  x.7854xAB:  if  a 
cone,  whose  base  and  altitude  are  the 
same  with  those  of  the  cylinder,  the 
pressure  is  the  same :  if  the  frustrum 
of  a  cone  F  G  B  C,  or  B  C  O  P,  the 
pressure  on  B  C  is  still  the  same  as 
that  of  the  cylinder  A  B  C  D,  as  long 
as  B  C,  the  base,  and  B  A,  the  alti- 
tude,  continue  the  same. 

2.  If  there  are  two  vessels  of  the 
same  figure  but  of  different  depths  and 
bases,  and  filled  with  different  fluids, 
let  D  and  d  he  the  depths,  B  and  b  the 
area  of  the  bases,  G  and  g  the  speciflc 
gravities  of  the  fluids  ;  then  the  pres- 
sure upon  j9  is  to  that  upon  b  bs  D  x 
B  xG  to  d  X  b  X  g. 

3.  If  in  any  vessel  there  be  strata  of 
the  thickness  FF'F",  &c.  of  fluids, 
whose  densities  are  Z>,  Z^,  D",  &c.,  the 
pressure  of  the  whole  strata  on  the 
area  B  of  the  bottom,  is  equal  to  B  x 
(D xF+  D'  xF'  +  D"x  F"  +,  8cc) 

4.  Let  there  be  a  perpendicular- 
sided  vessel,  that  is,  a  vessel  whose 
sides,  if  planes,  are  at  right  angles  to 
the  base,  and  if  curvilinear  simaces. 
have  all  their  tangents  in  planes  at 
right  angles  to  the  base,  and  let  the 
vessel  be  filled  with  any  liouid ;  if  a  be 
the  height  of  the  liquid,  p  tne  perimeter 
of  the  vessel ;  the  pressure  on  the  whole 
perpendicular  sides,  that  is,  the  whole 
perpendicular  surface,  is  the  weiffht  of 
a  rectangular    prism    of    the    liquid 

whose  base  is   a  x  f    uid  altitude  is 

2 

a*  p 

a,  therefore  the  pressure  is  —r--.     If 

the  vessel  be  a  cube,  the  whole  la- 

ienl  pressiu'e  is  2  a',  and  the  pressure 

a*  ' 
on  each  side   r- ,  or  half  the  pressure 

on  the  base.  If  it  be  a  c}'linder,  whose 
diameter  is  d,  the  lateral  pressure  i& 
a"  d  X  1.57079,  and  that  dn  the  bottom 
ad*  X.78539, 
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5.  As  the  pressure  on  any  particle 
of  fluid  at  rest  is  equal  to  the  weight 
of  a  column  of  that  fluid  whose  base  is 
the  particle,  and  whose  altitude  is  the 
doptli  of  the  particle  below  the  surface; 
if  we  call  those  ])arlicles  /;» //,  p'\  &c., 
and  the  depths  d.cT^d",  &c.  respectively, 
the  pressure  upon  the  whole  of  any 
vertical  or  oblique  lamina  of  tlie  fluid 
on  each  side  of  it,  will  be  a  wciirht  of  the 
fluid  equal  to;»  •  d-^p' •  d'-\-p"  •  (/"+, 
&c.,  and  this  is  also  the  pressure  with 
which  the  lamina  next  to  the  vertical 
side  weit^hs  upon  that  side.  Hut  if  D 
be  the  distance  of  the  centre  of  Gravity 
of  all  the  particles  from  the  horizontal 
surface  of  the  li(piid,  it  is  a  property  of 
this  point  that  D  x  (/)+;/+;/'+ .  Sec.)  is 
equal  \o  p  •  d  +  / /  •  <f  +  p"  •  d"  + , 
&€. ;  and  as  /)  +  ;/  -\-  p"  + ,  &c.  is  the 
area  of  the  plane  or  surface  formed  by 
all  the  p,  p\  p'\  &c.  therefore  the 
pressure  upon  the  whole  area,  whether 
vertical,  oolique.  or  horizontal  of  any 
surface  under  water,  is  equal  to  D 
times  that  area,  or  the  area  multiplied 
by  tlie  distance  of  its  centre  of  ^avity, 
below  the  i)lane  of  the  fluids'  surface. 

6.  It  follows  from  hence  tliat  the 
pressure  upon  the  sides,  whose  breadth 
IS  bf  of  a  rectant^ular  vessel,  as  a  cube 
or  paralelloi)iped,   at  ditfcrent  depths 

/;,  1)\  D"  isiis  bx  I)  X    1^ ,    ^  X  D' 

X  -  ,    b  X  D"  X  —  i   orasZ;^,  Z;^ 

//'^;  that  is,  as  the  squares  of  the 
dejiths.  Hence,  if  a  ct)nic  parabola  be 
described,  whose  axis  is  the  up]>er  eduje 
of  the  vessel  A  IJ,  (/if:.  "28.)  and  con- 
juirate  the  depth  IJ  M",  the  pressure 
upon  the  whole  of  the  side  A  P,"  above 
P,  will  be  as  the  ordinate  P  M ;  upon 

Ar  -     -n 


l^ecause  the  body  floats,  and  its  weight 
is  suspended,  G  x  P  +  G'  x  ?*=  8  x 
(P+ P');  therefore  jPx  (S— 0=/" 
X  (C-  S)  and  P :  P*:  \  C— S  :  5-  (?. 
It  follows  also  that  P :  P+  F\  \  (7— S : 
G'—  Cr,  or  the  part  in  the  lighter  is  to 
the  whole  body  as  the  difference  between 
tlie  specific  Gravities  of  the  solid  and  the' 
heavier  fluid  to  the  difference  between 
the  specific  ^vities  of  the  two  fluids. 
When  that  difference  is  very  great,  G 
may  be  neerlectcd  as  evanescent  in 
the  last  term  of  the  proportion  ;  or  the 
part  of  the  body  out  of  water  is  to 
the  whole  body,  as  the  difference  be- 
tween  the  specific  gravities  of  the  Ixxly 
and  water  to  the  specific  gravity  of 
water ;  or  (because  neglecting  G,  F  ', 
P^P' ::S:  G')  the  part  plunged  is  to 
the  whole  as  the  specific  irravity  of 
the  solid  to  that  of^  the  fluid ;  and, 
in  like  manner,  neglecting  G  in  the 
former  proportion,  P:  Fl  i  G*—  S ;  5 ; 
or  the  part  out  of  water  is  to  the  part 
plunged,  as  the  difference  of  the  spe- 
cific gravities  of  the  solid  and  fluid 
to  the  specific  gravity  of  the  solid. 

8.  The  centre  of  pressure  of  any  tri- 
angle A  B  C  (/fg.2^.)  placed  vertically  at 
the  depth  C  W.  below  the  surface  W  R 
of  the  water  is  found  thus.    Let  A  S  = 

SB,andGS=5    C  S ;  G  will  be  the 

centre  of  gravity  of  A  B  C ;  and  G  M 
being  perpendicular  to  W  R,  the  jires- 
sure  on  ABC  will  be  equal  to  a  co- 
lumn of  water  whose  base  is  A  B  C  and 
altitude  GM;   that  is,  equal  to  CPx 


the  portion  above  P'.  P'M';  upon  the 
portio?!  al)ove  P",  P"M  ", 

7.  If  a  body,  whose  specific  gravity 
is  N\  be  pluni^ed  in  two  fluids  of  diffe- 
rent s])ecific  irravities,  G  and  G',  the 
heavier  beini:  0\  it  will  float  in  equi- 
librio.  if  tlie  part  P  in  the  lit^^hter  be  to 
the  ])art  P'  in  the  heavier,  as  G'—S  is 
to  S-G.  For  the  wei-rht  of  the 
wjiole  body  is  N  X  (P+  PO,  the  weight 
of  the  fluid  displaced  by  P  is  GxP, 
and  that  dis.pluced  by  P'^is  G'P*;  and 


A  B  X    O  M 

-y-    X  ^ ;  ^  being  the  specific 

gravity  of  water. 

I>raw  E  F  parallel  to  A  B.  and  let  W  0 
=  ;r.0W=n,CP=6,AB  =  r.GM=m. 
ThenCO  =  r-a;E  F=  (by  similar tri- 

angles)    -  (j?-/i),    and  the  pressure 
upon  ABC  =-f  X  ^ff    And  by  tlw 
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pr^porty  of  the  centre  ofpcroussion.  the    pressure  is  in  O,  the  intersection  of  C  P 

r^T^»^.«''w"^-     P^??''"^    *"^  ^  ^5  '^"^  ^h««  «^«  vertex  of  the 
l^  J5  r   below  W  R  IS  equal  to  the    triangle  touches  the  surface  W  R,  the 

fiuent/f  x(*-a)x«i  divided  by    expression  becomes  j  6xu»n.^ 

the  product  of  the  triangle  E  C  F  into        nr  lu    *  •         i.     .,      , 

the  distance  of  its  centre  of   ffravitv    .    ^^  <he  two  expressions,  for  the  dw- 

from  WR,    and  finSjtheC     ^^  "^rV^^j'^S^^^^^S'^^^"'' 

c/x*       ax»\  ^*"^®  ^^  *"®  centre  from  C  P,  it  may 

we  ha\e    -  ( _J  +  c,  aeon-    he    remarked    that,  in  the  former,  c 

«f*n*  nii.nfitv.  «,k;«i?    1    4    *  disappears  at  ouc  of  the  steps  of  the 

when  ar— a  =  0,  that  isx  =  a)  is  -—  •    ^*"®  A  B :  in  other  words,  all  triangles 

12  6'    of  the  same  altitude,  and  in  the  same 

■othat    the  whole  fluent  is  ^x  (^    ^A\u!'^'^'^''r^!'u^''?^?I^'^^' 

b       \  4      sure  at  the  same  depth  below  the  sur- 

-.  l^  +  fLl^.ondifwGtakPthUfn-    face,  whatever  be  their  bases.    But  the 
S    +   ,5  ; .  ana  irwe  lake  this  for    latter  expression  involving  the  angle  f, 

the  whole  triangle  ABC,  where  x  =  a    ^^  horizontal  distance  of  the  centre  of 

4-  6 ;  we  have  to  substitute  this  for  a?,  and    pressure  from  the  vertical  line  depends 

to  divide  by  A  B  C  x  G  M,  that  is,  by    ^?^^  the  base  of  the  triangle,  because 

•>6c       r^^„^h-rt.  *u^  ^at  determines  the  position  of  G,  the 

-J— .     Let  a  +  6  =  rf;  the  expres-    centre  of  gravity. 

sion  beeomes  ,.  To  apply  this  analysis  to  other  figures, 

3  /d*        ad*       «*\  the  line  E  F  =  n  must  be  found  in  terms 

^^M  ^  V"4 8 —  "*■  TT  J'  **^  ^'  °'  ®^  ^®  ^^^^  quantities,  and 

_.      -      ^,  ^     ^  substituted  in  the  fluxional  expression 

Therefore  the  centre  of  percussion,  IS  ^  • 

m  the  line  found  E  F.  But  if  the  trianele  ^*    '  ''  and  the  fluent  being  found,  it 

were  to  revolve  in  a  plane  perpendicular  ** 

to  its  own  round  W  K,  and  stnke  against  must  be  divided  hy  the  expression  for 

A  plane  passing  through  £  F,  its  mo-  the  figure.    This  gives  the  depth  of  the 

tion  would  be  destroyed,  the  motions  line  £  F  below  W  R. 

on  the  opposite   sides    of  that    line  To  find  the  distance  ofthe  centre  from 

balancing  each  other ;    therefore  the  C  P  on  E  F,  when  C  6  S  bisects  all  the 

pressure  of  the  fiuid  on  the  triangle  ordinates,  we  must  substitute  for  n  (or 

being  counteracted   bv  an  equal  and  E  F)  its  value  in  terms  of  a?  as  before, 

opposite  pressure  on  the  line  E  F,  the  in  the  expression 

triangle  must  be  supported ;    that  is,  (an.  ^       /* 

the  centre  of  pressure  is  in  E  F.  "^;^  x  y  n  («» -  m  a)  a? ; 

atea  at  vv ,  tne  suriace  or  ine  water,    garding  m  under  the  inte^rral  sign  as 

then  a=  0.  (/=  d.  and  m  =  i  6,   and  the  F,°"^*?"*  ^^  independent  of'  ^r),  Jivide 

8  it  by  the  expression  for  the  figure. 

,               ^   .            ^,  Thus,  if  the  fic:ure  is  a  rettingle, 

expression  becomes  -  t> ;     or  the  cen-  whose  sides  are  equal  to  b,  and  base 

«re  of  pressure  is  at  three-fourths  of  f5"*^!?  ^»  ^.k'^  ^'l''  upper  edge  is  at 

the  depth  of  the  water.  ^^  «"^ace  of  the  water,  so  that  a  =  «. 

The  point  of  the  line  E  F.  which  is  *^^  ^^  fluxional  expression  becomes 
the  centre  of  pressure,  that  is,  the  dis-  JL_  ^  x  «x 

tance  of  that  centre  from  C  P,  may  be  ^ 

found  by  a  similar  process.     It  is  equal  i 

to  .      2  c  T  ' 

Ud.0      /<I*         I      "      mab*      a*\     whose  fluent   is       _  .       and   dividin'j: 
0         ^  X  C  —  -  -ad 4-  —  I  ^  ^ 

**.    .       ,,  **         ,     „  ^  ^*      „„'         thisby6c,theareaofthefiii^u'e,wehave 
f  being  the  angle  P  C  G.       When,  o  *.  a        ' 


therefore,  the  triangle  is  isosceles,  and 

the  cenbre  of  gravity  is  in   C  P,  this       , .  ,     -  ^ 

quantity  vanishes,  and  the  centre  of    which,  for  the  whole  rectangle,  when 
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&  u              '  L    rm.            1 A  ^hc  breadth  of  the  base,  or  the  value 

«  =  6,  becomes   -b.  The  second  flux-  ^f  ^^e  parameter.     Consequently,    if 

ional  expression  =  0  &n  infinite   number  of  parabolas  be 

because  the  centre  of  gravity  is  in  the  drawn  through  any  point  as  a  verfez, 

axis  and  ^  =  0.  their  common  centre  of  pressure  wiU 

If  the  figure  be  a  Conic  Parabola,  always  be  a  point  5-7ths  of  the  axis 

whose  parameter  is  p,  and  vertex  at  the  distant  from  the  vertex. 

surCaceof  the  water  n  =  2  ,/]^,  m  =  The  same  calculus  may  be  appKed  to 

3                             J             "^  i"^'  and  the  same  proposition  shewn  to  hold 

r  6,  and  the  area  "=  -6c;  the  fluxional  of,  parabolas  of  all  orders. 

expression,  therefore,  for  the  depth,  is 

20  

whose    fluent    is     rrr  ><  >//'**■> 


I    i2  «  +  1 

«*•  jB  «  ;m  =  ^         6;   and 


SI6 

2 

and  when  x^h,  and  dividing  by  -rbc, 
it   becomes     ^  b  sTpb     or,    as 

7 

e 

>/  P  *  =  9  » ^*  becomes  =    A  ; 


forhere  i» 

area  to  divide  by  ».  ^^P  r^y*-' 
and  the  fluxional  expression  being 


the 


2(l+80)p  '  X  • 


4* 

~  finding  the  fluent. 


(1+0  6 

substituting,  and  reducing,    we  have 
]  +  2« 
J     g    X  6  for  the  depth  of  the  centre 

of  (nressure,  an  expression  wholly  inde- 
pendent of  the  parameter,  or  of  the 


and  therefoTir  is  wholly  independent  of   breadth  of  the  figure. 
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IniroducHon.  of  solids  and  fluids.    The  investiffatioii 

As  Hydroitdtia  is  that  branch  of  Na-  of  this  subject  very  naturally  myides 

tural  Philosophy  which  treats  of  the  itself  into  three  distinct  heads.  1st,  The 

weight,  pressure,  and    equilibrium  of  effects  which  take  place  in  the  natural 

water,  and  all  such  fluids  as  are  non-  flowing  of  fluids  through  the  various 

elastic ;  so  Hydraulics  has  for  its  ob-  ducts  or  clumnels  which  convey  them, 

ject  the  investigation  of  the  motions  of  2ndly,  The  artificial  means  of  producinjg^ 

such  fluids,  the  means  by  which  such  motion  in  fluids,  and  destroying  their 

motions  are  produced,   the  laws  by  natural  equilibrium  by  means  of  pumps 

which  thev  are  regulated,  and  the  force  and  various  hychraulic  engines  and  ma- 

or  effect  they  exert  against  themselves,  chines ;  and  Srdly,  the  force  and  power 

or  against  solid  bodies  which  may  op-  which  mav  be  derived  from  flmds  in 

pose  them.    To  avoid  repetition,  when-  motion,  whether  that  motion  be  pro- 

ever  fluids  are  mentioned  in  this  trea-  duced  naturally  or  artiflcially:  andtnese 

tise,  they  must  always  be  understood  to  several  subjects    will    accordingly  be 

be  inelastic,  a  character  which  not  only  separatdv  considered  in  the  following 

belongs  to  water,  but  to  oils,  snirits,  distinct  cnapters. 
and  aD  the  visible  and  tangible  nuidi, 
to  such  an  extent  that,  almough  th^  Chaptbr  L 

^m^  ^.l^JS?  -^^Xll  On  tk0  Motion  qf  Fluid,  thnugh  vari  • 

to  have  obtained  the  character  of  bdn^  Whatbysr  may  be  the  shape  or  con- 
non-elastic,  notwithstanding  which  it  fonnation  which  the  ultimate  or  original 
does  not  perfectly  apply  to  them,  as  particles  of  fluids  possess,  they  are 
win  be  found  explamed  at  the  com-  found  to  flow  over  or  amongst  each 
mencement  of  the  Treatise  on  Hydro*  other  with  less  friction  and  impediment 
statics.  to  motion  than  when  the^  have  to  pass 
Fluids  are  characterized  by  a  want  over  solid  substances.   And  as  each  in- 
of  cohesion  among  their  parts :  hence  dividual  particle  is  under  the  influence 
they  are  incapable  of  assuming  any  of  gravitation,  so  it  follows  that  no 
particular  form  without  external  sup-  quantity  of  homogeneous  fluid  can  be 
port,  but  always  accommodate  them-*  in  a  state  of  rest  and  perfect  equili- 
selves  to  the  shape  of  the  vessel  which  brium,  unless  every  part  of  its  surface 
contains  them.    This  same  cause  in-  is  on  a  level,  by  which  we  are  not  to 
fluences  the  motions    of   fluids,   and  understand  a  level  plane,  but  a  sur&ce 
produces  the  difference  that  exists  be-  that  is  convex  upwards  to  such  an  ex- 
tween  then* pressure  and  motion  and  that  tent,  that  every  one  of  its  points  may  be 
of  solids :  lor  a  solid,  if  it  moves,  must  eouidistant  from  the  eartn*s  centre,  to 
move  altogether,  and  can  only  produce  which  fluids  in  common  with  all  other 
a  pressure  downwards,  which  will  be  matter  gravitate.    This  equally  applies 
equivalent  to  its  weight  or  gravitating  to  all  masses  of  fluid,  whether  they  are 
force ;  but  apart  of  a  mass  of  fluid  may    contained  in  a  cup,  in  the  ocean,  or  in 
be  in  motion  while  other  parts  of  the    any  number  of  tubes  or  vessels  which 
same  mass  may  be  perfectl]^  quiescent ;    communicate  with  each  other ;  for  in 
and  although  a  mass  of  fluid  can  in  no    this  latter  case  the  aggregate  quantity  of 
case  produce  a  greater  downward  pres-    fluid  must  be  considered  as  one  mass, 
sure  than  is  equivalent  to  its  weight.    If,  therefore,  anv  one  part  of  the  sur- 
yet,  at  the  same  time,  its  want  of  cone-  face  is  made  higher  than  another,  that 
sion  among  its  particles  will  permit  it  high  part  mav  be  conceived  to  be  com- 
to  exert  a  lateral  pressure,  or  tendency    posed  of  a  pillar  or  column  of  particles, 
to  spread  horizontally,  which  will  be    and  of  course  a  greater  number  of  par- 
exerted  against  ^e  sides  of  the  vessel    tides  will  be  necessary  to  constitute  this 
that  contains  it,  without    altering  or    hi^   column  than  the  shorter  ones 
alRietinff  its  weight;  and  this  constitutes    which  surround  it;  ecyoL^ftfl^voSOc^^  ^^dr. 
tbe  ^H  difference  between  themotions    hi^  column  ^mU  ^rcvnX:^  v«\N^  ^g^M^n 
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force,  and  by  pressing  downwards  wiH  cuum  or  void  spaee  above  the  hole,  anc 
remove  such  particles  as  are  opposed  from  the  ease  with  which  the  particles 
to  its  descent  until  an  eouilibnum  of  of  fluids  slide  over  each  other,  and 
pressure  is  produced ;  and  this  equUi-  thereby  press  in  all  directions  alike,  it  is 
brium  can  never  exist  until  the  whole  not  a  perpendicular  column  of  particles, 
mass  of  fluid  is  operated  upon  by  equal  m  their  baie  to  the  area  of  the 
tiie  same  force,  an  effect  that  occurs  hole  that  will  be  set  in  motion,  but  par- 
oidy  when  the  surfeoe  is  truly  kveL  tides  wfll  flow  in  all  directions  towanis 
In  the  same  manner,  if  one  perpen-  the  hole,  and  thus  put  the  whole  mass 
dicular  column  of  fluid  is  concoved  of  fluid  into  motion ;  and  if  the  water  so 
to  be  shorter  than  the  others  that  sur-  flowing  out  Ms  perpendicularly,  its 
round  it,  it  will  contun  fewer  particles,  descent  will  be  accelentod  in  the  same 
and  hence  will  be  lifter  than  them ;  th^  proportion,  and  its  motion  will  be  rwi- 
consequence  of  which  will  be  that  the  lated  by  the  same  laws  as  am>]y  to  the 
heavier  surrounding  columns  wiU  press  fidling  of  solid  bodies.  When  wats 
upon  and  buov  up  that  which  is  lifter,  flows  in  a  current  or  stream,  as  in  rifen 
until  an  eouiliDrium  of  pressure  is  pro-  or  channela,  it  does  so  in  conaaquenee 
duced  by  tneir  becoming  e()ual  or  kveL  of  the  end  of  the  channel  towards  which 
As  the  particles  of  all  fluids  sravitate,  it  is  flowing  being  bwer  than  that  fivm 
•0  will  any  vessel  whatever,  uiat  con-  which  it  proceeds,  in  which  case  its  mo- 
tains  a  quantity  of  water  or  other  fluid,  tion  is  referrible  to  that  of  solids  de« 
be  drawn  towards  the  earth  with  a  scending  inclined  planes ;  but,froiatfas 

Sower  equivalent  to  the  weight  of  the  want  ofe<4iesion  among  the  partkksof 
uid  it  contains :  and  if  the  quantity  fluids,  their  motions  are  much  mors 
of  the  fluid  be  double,  triple,  or  in-  itrmilar  than  those  of  solids,  and  they 
creased  in  any  other  propoilioo,  so  involve  a  number  of  inhricades  of  Tsy 
will  the  weight  or  gravitating  influence  £iBoult  solution,  snd  which  are  m- 
be  doubled,  tripled,  or  incr^sed  in  like  dered  dill  more  uncertain  in  tbafar  IB- 
proportion  *  from  which  we  Inm  aa  vestigation,  l^  the  few  experiments  that 
important  hydraulic  corollaiy,  that  the  have  accurately  been  tried  on  a  laige 
weight  or  pressure-  of  fluids  at  rest  is  scale  to  furnish  data  for  calculation. 
simply  as  tneir  Quantities  or  heigl^ :  so  Ihe  frietion  that  ooeurs  between  a  soBd 
that  if  a  perpendicular  pipe  three  inches  and  the  surfece  upon  which  it  moves 
diameter,  and  three  feet  nigh,  contains  can  be  accurately  ascertained,  but  not  so 
nme  pounds  of  water,  that  pressure  of  with  a  fluid  ^  for  in  tins,  wh^  odq  part 
nine  pounds  will  be  exerted  upon  a  oiay  be  moving  n^idly,  another  may  be 
valve  or  stopper  of  any  description,  and  quite  stationary,  moving  slowly*  or  even 
three  inches  (fiameter,  placed  m  the  hot-  moWn^in  a  contrary  direction.  Tlus 
torn  of  the  pipe;  and  if  the  pipe  is  is  particularly  observable  in  rivers^  iriMrs 
made  twice  as  high,  or  six  feet  long,  the  the  central  part  or  main  current  will 
pressure  will  be  ei^teen  poun£,  if  always  be  found  flowing  with  much 
three  times  as  high,  twenty-seven  greater  rapidity  than  either  nde;  and 
pounds— the  pressure  increasing  in  the  experiment  proves  that  the  same  effect 
same  ratio  as  me  altitude  of  the  column,  occurs  when  water  flows  through  W^ 
while  the  valve  or  oriflce  below  remains  fbr  that  water  which  is  in  contact  with 
the  same,— a  circumstance  which  is  of  the  side  of  the  jHpe  moves  with  much 
great  consequence,  to  be  known  in  the  more  resistance  than  that  at  the  centre, 
construction  of  pumps  and  engines  for  wher^the  ^^1**"!^**^  dischaige  of  any 
raising  water.  given  pipe  of  considerable  length  be 
Water  not  only  ^javitates  with  the  comes  much  less  than  is  due  to  Sm  mag- 
vessd  that  contains  it  as  in  the  last  case,  nitude.  The  term '  firiction*  is  applied  lo 
but  independenflv  of  it ;  and  thus,  if  the  this  obstruction  to  the  passage  of  fluids, 
containing  vessel  is  supposed  stationaiy  in  the  same  manner  as  it  is  to  solids, 
and  a  hole  is  bored  in  its  bottom,  the  and  it  exists  to  such  an  extent  as  to  he- 
contained  water  will  flow  out  and  de-  come  an  object  of  considerable  incon- 
scend  thronsh  the  air  for  the  purpose  of  venienoe  in  practice.  It  can  only  be 
obtaining  a  lower  situation  than  it  be-  obviated  by  making  the  conv^ing-inne 
fore  occupied ;  and,  in  so  flowing  out,  of  much  larger  dimensions  than  would 
those  particles  of  fluid  which  were  over,  otherwise  be  necessary,  so  as  to  allow 
•r  in  immediate  contact  with  the  hole,  the  free  passage  of  a  suffioent  quantity 
will  be  dischaiged  first  Then:  motion  of  fluid  tnrou^  the  centre  of  £e  pipe, 
wzZf  of  coarse  cause  a  momentary  va-  wYnift  «ht)x^^cit\tf:2!lQ^  «^\aadec  of  water 


{■  eontUoed  to  be  iiMriy  at  rart  ill 
■roand  it.  Other  drcumttuiae*  be- 
udt*  friction  likewiM  tend  to  diminish 
the  quentit;  of  fluid  which  would  other- 
wiM  pue  through  pipes,  lueh  u  the 
niitence  of  sharp  or  right-angled  tuns 
in  them,  and  permitting  addin  or  cur- 
mtB  to  be  fornied,  or  not  providing  tor 
the  eddies  or  current!  that  Ibrm  nata- 
nlly  by  suiting  the  ihwe  of  the  pipe  to 
them.  It  fbllowi  therefore  that,  When- 
evo*  *  bend  or  turn  is  necessary  in  a 
wat0-pi|w,  it  should  be  made  in  as  gra- 
dual ■  eurve  or  sweep  as  possible,  in- 
■tetd  of  the  form  of  an  auute  or  even 
qdit  •Rfflo;  that  the  pipe  should  not 
oiuf  b0  tuScMntl;  ct-ptusuma  to  affoid 
4w  neCMnry  tupply,  but  thould  be  of 
tn  aqual  bore  throughout,  and  free 
from  all  projections  or  irregularities, 
igainit  which  the  water  can  strike  and 
Bnn  eddiea  or  rererbenOions,  since 
fiwM  iriQ  impede  the  prt^ress  of  the 
fltbd  u  eftetually  as  the  most  solid  ob- 
■ladet.  lime  subjects  have  been  par- 
tieularly  investigated  and  examined  by 
NflWton,  Bernoulli  d'Atembart,  De 
Bnat,  Boblson,  Venturi,  Dr. Young,  and 
many  others ;  and  the  following  itnnor- 
tuit  practical  results  obtained  from 
thi^  laboun  are  highly  worthy  of  at- 
letatioa:  1st  Ttie  fncbon  of  water  in 
rivwi  or  ohannels  increases  as  the 
sqavt  of  the  valocity.  2nd.  Although 
the  itdM  at  t  pipe  must  in  every  case 
producs  4  Mrtain  degree  of  friction,  yet 
that  drfict  )•  frequenll^  overbalanced 
by  sdilljr-nvpartionedsize  of  pipe  pro- 
perly faai,  pWK  a  moving  direction  to 
the  fluid  whicb  it  would  not  otherwise 
obUiiii  aad  by  which  a  greater  quantity 
of  diiehaim  it  produced  than  could 
otherwtee  l^e  place.  Thus,  for  ex- 
ample, a  vnsel  or  reservoir,  having  a 
thin  bottom  of  tin,  with  a  smooth  cir- 
cular hole  formed  therein,  might  Im 
supposed  most  capable  of  pnrtm^  n- 
pioly  with  its  water,  because  the  fluid  in 
running  otii  has  no  continued  length  of 
substance  to  rub  a^nst,  and  conse- 
()uently  it  might  l>e  imagined  that  veiy 
little  fnction  cuuld  be  grenerated ;  but  M. 
Venturi  GMind  tiy  his  experiments,  that 
such  a  vessel  did  not  discharge  its  water 
sorvpidlyas  aiiotlier  con  tain  inir  the  same 
heif^ht  of  water  and  area  uf  hole  to 
whwh  a  short  pipe  ofthesame  diameter 
as  the  hole  was  applied,  and  by  varying 
the  length  of  pipe  tie  a-scertained,  that 
when  its  length  was  equal  to  twice  its 
diaiMter  it  produced  the  most  r^ud 
diachais%  lor  bdi^  mj  drcunutanced 


it  discharged  «gfa^-tvo  quarts  ofwatD 
in  100  secoods,  while  the  simple  hole, 
without  the  pipe,  discharged  but  sixty- 
two  quarts  in  the  same  time.  Pursuing 
the  same  experiments,  he  found  that 
if  the  pipe,  instead  of  l>dng  applied  to 
the  bottom  of  the  nservoir,  so  as  to  ba 
flat  and  even  with  it,  was  made  to 

P'ect  some  distance  into  it  as  at  p, 
le  vessel  A.,fig.\,  it  had  the  effect 
of  diminishing  the  flow  of  water  even 
to  less  than  issued  through  the  sim- 
ple hole  without  any  pipe.  This 
phenomenon  of  a  pipe  and  hole,  of 
similat  area,  dischai^;ing  veiious  quaa- 


*•■• 


tities  of  wata*  under  diff^nt  circum- 
stances, while  the  head  or  pressure  re- 
main the  same,  is  sufficiently  accounted 
for  by  the  cross  or  oppoiing  ciurents 
in  which  all  fluids  move,  when  the  con 
ducting  pipes  or  vessels  are  formed  so 
as  to  oppose  or  divert  the  assisting 
currents  that  would  otherwise  form; 
thus  currents  will  form  from  the  top 
and  sides  of  the  containing  vessels  to- 
wards the  orifice  of  dischai^c,  as  indi- 
cated by  the  direction  of  the  long  dots, 
drawn  within  the  vessel  shown  in  sec- 


other  and  pass  beyond  it;  hence  to  a 
certain  extent  they  tend  to  stop  or  shut 
up  the  orifice  aeainst  the  passage  of 
thai  water  that  is  descending  more  per- 
pendicularly, and  by  their  coiitenoing 
influence  cause  the  water  that  issues  to 
run  in  a.  screw-like  form.  This  etfecl 
is  in  a  great  measure  counteracted  and 
destroyed  tiy  the  application  of  a  short 
tutw  below  the  hole,  hut  if  Vtit).  \.\&% 
projects  mto  >!he  v»»\  «a  «1  K, 
the  doU  aasunw  &uew  farm,  «.tASi««ft 


4  HVDiunucs. 

columiu  which  descend  fron  new  the  prodmeed.  Tlnu,  in^.  S,  if  A  B  C  D 
outsides  of  the  vessel,  by  turning  up  reprewnta  a  reMrvoir  of  water,  ud 
•gun  to  reach  the  discharging  oniice,  B  C  O  I  acuulleadiiigthaefrom.uid 
are  thrown  into  a  more  direct  opposition  (loping  from  the  prolong  hori>anU 
to  the  motion  of  the  cenbal  descending  line  A  B  H,  0»  bottom  watB"  it  C 
columns,  at  the  same  time  that  they  are 
themselves  conitrainedtotum  suddenly 
in  opposition  to  their  inertia  before  thqf 
can  enter  the  pipe  ;  and  thus  the  dis- 
charge is  more  effectually  impeded  than 
if  it  were  proceeding  from  a  mere  hole 
throu^  a  thin  bottom. 

Sir  Isaac  Newton  investigated  the 
currea  in  which  a  fluid  will  proceed 
from  the  interior  of  a  reservoir  to  a 

discharpng  orifice  in  its  Iwltom.  "pd  would  have  a  Tdodtj  u  the  irm 
found  that  Ihe  sohd  figure  produced  by  ^^.^  „f  (he  depth  B  C.  Tbe-mwtattZ 
the  streams  flowing  from  all  psris  to  „ou]dflow  wffliaTdodWproportioiwII 
one  common  Mntre,  vii  the  onfice  of   ^^  jh^      ^^  root  of  the  depth  FE. 

discharge  as  mdicated  bj  the  dots  m  ^    _        ,=-=      1.1   .u    ■ 

B,  was  an  Hyperboloid  of  the  fourth  and  that  at  G  aaJH.  G,  wJnle  tbej^ 
Older;  and  Venturi.  from  flnding  the  water  at  I  would  taw  »  law  «»«f. 
great  difference  of  diachaiwe  throurfi  or  one  only  equal  to  the  bottom  «t« 
the  same  area  of  opening  as  before  *tE;  becauae  the  p^E  1.  the  jMi 
stated,  determined  on  apfilying  a  dis-  depth  as  the  pomt  I  torn  the  lewlLne 
chareinB-pipe  of  this,  the  nitural  form    A  B  H.    The  Mme  law  holds  gaod 


flowmg  water. 


.«  the  bottom  of  a    wi*  respect  to  the  ^uUag  o; 

ate, when  he  found  of  water  through  jeta  or  adjutaM 
Thus,  if  D  11  a  hole  made  in  the  nde  of 
the  vestel  of  water  A,  Jig.  3.  the  wat« 


that  although  the  bottom  orifice  q 
the  same  as  before,  the  quantity  dis- 
charged was  increased  to  ninety-eight 
quarts  in  the  same  period  of  time  :  and 
conceiving  that  the  curve  which  water 
naturally  assumes  in  running  was  con- 
tinued beyond  the  point  of  discharec, 
he  likewise  enlarged  the  lower  or  dis- 
charging end  of  the  delivering  pipe  bj 
malting  it  bell  or  trumpet  mouthed  in 
the  same  curve,  as  at  D  ;  and  from  this 
f»nn  he  obtained  the  maximum  (Quan- 
tity of  water  that  could  be  delivered 
through  a  given  orifice. 
It  will  be  evident  that  these  examph 


do  not  refer  to  extended  lengths  of    at  P  would  onh  be  pressed  bjr  the  sim- 


pme,  but  merely  to  the  rapid  discharge    pie  weight  of  the  perpendicular  column 
of  water  from  reservoirs,  and  they  are    of  water  team  A  to  D ;  but  when  the 


merely  given  here  to  show  t^  what  orifice  D  is  opened  and  the  1 

simple  means  the  flow  of  water  may  be  permitted  to    spout   out,    its  motion 

impeded  or  increased  in  practice,  throws  the  whole  column  into  eflhet. 

As  water  in  descending  is  actuated  and  it  will  now  press  upon  and  di>- 

by  the  same  laws  as  faHine  bodies,  it  charge  the  water  frtim  D,  with  the 

fallows  that  its  motion  will  become  ac-  same  force  as  if  the  wata-  had  been 

ccleraled :  therefore,  in  rivers  or  open  a  solid,  descending  frtim  A  to  D,  1.  e. 

channels,  the    velocity    and    quanti^  as  the  square  root  of  the  hagfat  A  D ; 

di<!chiLrgc<l  At  different  depths  woidd  and,  for  the  same  t«ason,  a^  wata 

be  as  the  st|iiare  roots  of  those  depths,  issuing  Srom  other  orifices,  as  G  and  B, 

did  not  the  friction  against  the  bottom  would  run  in  quantities  and  velodties 

of  Ihe  channel  interfere  and  check  the  proportionate  to  the  square  root  of  the 

rupiditv  of  flow  which  would  otherwise  depths  of  such  oriflcei  below  the  sur 

take  place  at  that  part,  but  by  which  feee  of  the  fluid.    Now  the  quantity  of 

s  unifomi,  straight- forward  velocity  is  water  spouting   from  any  hole  in  a 
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gmn  time,  most  neoessarily  be  as  the  discharge  become  very  languid,  which 

wodty  with  which  it  flows ;    and  if,  is  the  reason  why  canal  locks,  or  reser- 

tfaeregwre,  the  hole  D  is  supposed  to  be  voirs,  are  so  long  filling,  although  the 

fbor  times  as  deep  below  the  sur&ce  process  at  first  proceeds  most  rapidly. 

A.  ms  the  hole  B  is,  it  follows  that  D  M.  De  Buat  has  giyen  the  best  practical 

win  discharge  twice   the  quantity  of  rule  for  calculati^  the  velocity  of  rivers 

water,  that  can  flow  firom  B  m  the  same  when  the  sectional  area  and  inclination 

time,  because  2  is  the  square  root  of  4.  in  a  certain  distance  are  known ;  that 

So  in  like  manner,  if  D  had  been  nine  is,  to  suppose  the  whole  quantity  of 

times  the  depth  of  B,  three  times  the  water  to  be  spread  on  a  horizontal  sur- 

quantity  of  water  would  issue  firom  it,  fitce,  equal  in  extent  to  the  bottom  and 

3  being  the  square  root  of  9  sides  of  the  river,  when  the  height  at 

From   the   above  law  of  spouting  which  the  water  would  so  stand  is  called 

fluids,  if  a  semicircle  cgd  he  drawn  the  hydraulic  mean  depth.    This  found, 

from  the  central  height  of  the  column  the  square  of  the  velocity  will  be  jointly 

of  fluid  as  at  C,  so  that  cCd  may  be  proportional  to  this  depth,  and  to  the 

the  perpendicular  diameter,  and  c  the  fidl  m  a  given  lengtli.    The  fall  in  such 

top  of  tlie  fluid,  while  d  is  its  bottom,  lens^th  must,  therefore,  be  ascertained, 

any  parallel  lines  drawn  fi'om  that  semi-  and  the  square  of  the  velocity  in  a  second 

cin£  to  the  diameter,  and  at  liriit  angles  will  be  very  nearly  equal  to  the  product 

to  it,  as  at  /B«  g  C,  and  eu,  will  be  of  this  fall  multiplied  b^r  the  hydraulic 

proportionate  to  the  horizontal  distances  mean  depth:  the  velocity  thus  given 

to  which  the  fluid  will  spout  fi'om  holes  wiU,  however,  be  a  tr^e  too  great,  nar- 

made  at  the  points  BCD  where  those  ticularly  if  the  river  is  very  crooked. 

lines  cut  the  diameter ;  and  as  ^  C  is  For  practical  purposes,  the  usual  pro* 

the  longest  line  that  can  be  drawn  within  cess  is  to  take  the  sectional  area  of  the 

the  semicircle,  so  we  learn  that  a  hole  stream  in  superficial  feet  by  soundings, 

made  in  the  centre  of  the  column  at  C  and  to  measure  off  ten,  twenty,  or 

will  project  its  water  to  the  greatest  any  number  of  feet  on  the  banks,  and 

horizontal  distance  or  range  ad,  and  then  to  ascertain  by  a  stop-watch  the 

that  range  (if  in  vacuo)  wo^d  be  equal  mean  time  that  slices  of  turnip  (or  any 

to  twice  the  length  of  the  diameter  c  d,  other  body  of  nearly  the  same  weight  as 

In  like  manner  two  jets  of  water  spout-  the  water,  and  which  will  therefore  float, 

ing  firom  B  and  D  would  be  thrown  to  but  not  float  on  tiie  surface)  thrown  into 

the  same  distance  and  meet  in  the  point  different  parts  of  the  stream,  take  to 

6,  because  the  lines  /B  and  e  D  pro-  pass  through  this  measured  distance, 

4'j<^iBg  from  the  respective  jets  are  from  which  the  number  of  cubic  feet  of 

equal  to  each  other.    The  path  of  the  water  flowing  through  the  stream  in  a 

fluid  in  so  spouting  will  in  every  case  given  time  can  be  pretty  accurately  de- 

be  a  parabola,  because  it  is  impelled  bv  termined. 

two  forces,  the  one  being  horizontal.  Pipes  must  be  considered  in  the  same 
wlule  the  other  (cavitation)  is  perpen-  light  as  small  rivers,  taking  the  mean 
dicular.  The  vSocity  of  the  iet  will  depth  as  one-fourth  of  the  diameter, 
not  be  affected  by  its  direction,  because  and  a  sufficientiy  accurate  determination 
fluids  press  equally  in  all  directions,  and  of  the  velocity  will  be  obtained  by  sup- 
that  velocity  may  be  found  by  multi-  posing  tiie  height  of  the  head  of  water 
plying  the  square  root  of  the  head  in  from  its  suriace  to  the  discharging 
feet  by  8^  so  that  a  four-feet  head  orifice  to  be  diminished  in  the  same 
would  produce  a  velocity  of  discharge  proportion  as  the  diameter  of  the  pipe 
of  rather  more  than  16  feet  in  a  second,  would  be  increased  by  adding  to  it  one- 
If  the  water,  instead  of  flowing  out  at  flftieth  part  of  its  length,  and  finding  the 
small  holes,  as  in  the  figure,  had  been  whole  velocity  corresponding  to  four- 
permitted  to  run  fi'om  a  long  slit,  or  fifths  of  this  height.  Thus,  if  the  dia- 
opening,  of  equal  width  throughout,  it  meter  of  the  pipe  was  one  inch,  and  its 
is  evident  fi'om  the  laws  above  stated,  length  100  inches,  we  must  suppose  the 
that  the  discharge  fit>m  the  top  and  effective  height  to  be  reduced  to  one- 
bottom  would  be  very  different,  but  the  third  by  fiiction,  and  the  discharge 
genonal  velocity  of  the  whole  stream  must  be  calculated  from  a  height  four- 
will  be  two-tMrds  of  that  at  the  lowest  fifths  as  great  as  this.  If  the  pipe  had 
point.  Hence  if  the  head  be  not  k«>t  been  two  inches,  the  head  wouVi  ^t&s) 
up  to  one  height  by  a  fi^h  supply,  the  have  been  supposed  \.o  >;^  i^dKi^fti^y^ 
initial  rtlodty  wiU  soon  be  lott,  and  the  one*hal{  by  thA  fns&otk^  vc^  v^^ ^"^v^ 
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would  therefore  discharge  five  times  as  matei  very  eloaily  to  the  more  modem 

much  water  as  the  former,  sJthougfa  budiet-engine  and  dhahi*pump.    Ao- 

only  twice  the  diameter ;  aciroumstai^  eordinglyt  two  of  the  moat  aneient  hj- 

that  requires  the  serious  attention  of  all  draulic  Migines  are  on  this  principle ; 

iuch  as  are  practically  concerned  in  the  Tia.  the  Persian  Wheel,  and  the  Anhi- 

construction  of  pumpsi  or  ^tribution  median  Screw, 
of  water  througn  pipes  for  any  pur-       The  PerHam  Whmit  shown  BXJig.  A, 

poses.  must  be  of  ^preater  diameter*  than  the 

height  to  which  it  may  Im  necessary  to 

Chaptbr  II.  raise  the  water,  and  must  stand  in  the 

nr  ikM  «v>rfVHi«  P,M,^    17-iPM.M   mm^  Stream  or  resenroir  from  which  the  wa. 

^  ^TfJ     jy^'  ^2^'  •^  ter  is  to  be  taken;  it  eoniiaU  of  a  rim 

MachtnesM  nunng  Jf^ater.  ^  ^^^  ^  wood,  wpported  by  arms  o 

Hayino,  in  the  preceding  Chapter,  spokes  from  the  central  axis  or  gud(^ 
laid  down  the  fundamental  principles  m,  upon  which  the  wheel  revolves  m  a 
upon  which  the  motions  of  nuids  de-  verti^  direction*  Upon  its  cireumfer- 
pend,  and  shown  how  they  are  acted  ence  a  number  of  buckets  or  boxes,  as 
upon  by  the  natural  effects  of  gravita-  ii»  o,p,  and  9,  are  hun^  by  iron  loops 
tion,  the  next  object  wUl  be,  to  show  upon  round  iron  bolts*  m  such  a  man- 
how  their  gravitation  may  be  overcome  ner,  that  these  boxes  may  constantly 
with  the  greatest  advantage ;  and  how  hang  upright  as  the  wheel  revolves,  and 
water  may  be  raised,  and  made  to  move  since  the  lowor  boxes  mn  are  con- 
in  various  directions,  to  supply  the  strained,  by  the  motion  of  the  wheel,  to 
wants  of  man.  This  division  of  the  dip  into  the  water  r,  ther  vrill  beoome 
subject  is  of  the  greatest  practical  uti«-  flUed,  and  vrill  cany  up  then-  ohar^  of 
lity,  as  embracing  an  account  of  the  va«  water  as  at  0  0  0,  until  at  length  amving 
nous  pumps,  engines,  and  machineik  at  the  highest  point  p,  they  all  in  suc« 
which  nave,  from  time  to  timie,  been  in-  cession  come  into  contact  with  the  cis* 
vented  and  constructed  for  this  purpose ;  tern  «,  by  which  they  are  tilted  up,  and 
and  numerous  as  they  may  appear  to  be*  discharge  their  contoits  into  it,  and  hav^ 
yet  it  will  be  fbuna  that  tney  are  all  ing  passed  over  it,  they  descend  on  the 
comprehended  under  four  general  heads;  opposite  side  9  9  in  an  empty  state»  and 
viz.  those  machines  in  wnich  water  is  are  ready  to  be  filled  agam  by  dipping 
lifted  in  vessels,  by  the  application  of  into  the  water.  Motion  may  oe  ffiven 
some  mechanical  force  to  them ;  those,  to  this  wheel,  either  by  the  power  of  ani* 
in  which  it  is  raised  by  the  pressure  of  mals,  or,  if  r  is  a  running  stream  with 
the  atmosphere ;  those  which  act  by  sufficient  water  to  spare,  lay  equipping 
compression  on  the  water,  either  imme«  the  circumference  of  the  wheel  itseff 
diately,  or  by  the  intervention  of  con-  with  vanes  or  float-boards  similar  tc 
denscd  air ;  and  those  which  act  by  the  those  of  the  wheel  of  any  Water-mill,  in 
weight  and  momentum  of  the  water,  of  which  case  it  will  raise  up  a  portion  of 
which  they  raise  a  part.  that  water  by  which  it  is  itself  driven 
The  earlier  hydraulic  machines  ap*  round.  Small  springs  H  are  fixed  to 
pear  to  have  been  constructed  on  the  each  of  the  buckets,  at  thai  |Mut  wliich 
nrst  or  simplest  principle,  with  the  ex-  comes  into  contact  with  the  aide  of  the 
ception  of  the  pump  of  Ctesebes  of  cistern  «,  for  tiie  double  purpose  of 
Alexandria,  who  flourished  about  one  breaking  the  violence  of  the  blows 
hundred  and  twenty  years  before  Christ,  which  the  buckets  would  otherwise  give 
but  respecting  the  particular  construe-  to  the  cistern,  and  likewise  fbr  more 
tion  of  which  little  appears  to  be  effectually  tilting  the  biidcets  to  enable 
known.  Probably,  the  first  process  re-  them  to  completely  dischar^  their  con- 
sorted to,  was  the  common  bucket  and  tents.  Simple  as  this  machine  may  ap- 
rope,  either  raised  by  the  hands,  or  pear  to  be,  yet  it  is  one  of  the  most 
drawn  up  by  a  windlass,  as  in  our  com-  cheap  and  efi^ctual  that  can  be  put  up 
mon  draw-wells  ;  but  as  such  a  process  for  irrigating  land  for  farming  or  gar- 
is  very  tedious  in  deep  wells,  and  even  dening  purposes,  wliere  it  may  i>e  neoes- 
expensive,  if  performed  by  manual  la-  sary  to  raise  a  part  of  the  water  of  a 
hour,  it  would  easily  be  improved  by  the  running  stream  into  a  higher  situation. 
employment  of  animal  strength  to  a  It  recjuires  no  care  or  attendance  while 
greater  load,  such  as  using  several  working,  and  as  it  moves  incessant^ 
DucketM,  at  different  heights,  on  the  while  the  stream  runs,  it  will  cany  up  a 
muae  rope  or  chain;  which  approxir  'nonf  cwaidAaniK^  c^juofloii^  oi  watBr. 
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mn  ifila  booMs  

tbe  tnwIUr  th^  are  the  Ibm  pomr  wiU 
be  reqairad  to  give  motloa  to  th*  whaoL 
It  mtewiN  tcqiDRC  DOM  of  that  niea^ 
in  Hi  eonatraotion  whidi  i>  onaDj  na- 
ecaaary  inimlhroik,  butvill  aotif  mada 
in  tha  roo^iatt  mauDV.  It  ma^  lika- 
wia«  be  q^icd  in  many  caaei  with  ad- 
nntageto  ttia  tail  atraan  of  a  watw- 
nill,  when  water  is  leana,  ao  aa  to 
worb  by  fiw  water  after  tt  haa  paiaad 
the  mill-whael,  in  nder  to  raiaa  and  n- 
tiim  a  portion  of  it,  inataad  of  iKtHag  It 
aUmnto 

Nei 
bntn    . 
anm,  ia  7ft« 


naad  faw  Out  j4ulotophar,  fcr  niabg  wft- 
t«r  MM  diainmg  laod  m  Egypt,  abmt 
SOO  vaan  before  tha  ChriatiaB  an.  Tha 
Coenlion  eonnita  of  a  aueoaarion  of 
bucketa  or  receaaea  to  bt  ftUed  with  the 
water  to  beraiaed:  bat  inataad  rfthor 
bensr  acparata  and  drtaebed,  as  in  the 
laat-deaoribed  machine,  they  ai«  formed 
^-y  tha  lower  parti  of  the  hulow  thread 


by  tha  lower  pa 
ofaaaraw,  and 


nare  broa^abotit  Iryti 


BOtw.  This  wffl  be  better  nnderatood 
by  raftcrfaiK  to  Jig.  5,  whieh  ii  a  reine. 
aantatian  of  thia  raaohine,  and  In  wtiieh 
VMM*  ahowi  a  flexible  tube  or  pipe, 
wauDd  in  a  acrew-lik«  Ibnn  xmma  a 
BoHd  eylinder  y  |p,  the  two  extRme  endi 
of  whieh  are  equipped  with  ptvota,  ao 
that  tha  eylinder,  with  ita  enein:liiig 
asaw-fbnned  tube,  may  be  made  to 
rerotn  oa  ita  axis  b  v  the  fbree  of  run. 
ning  water,  or  any  crther  power  applied 
to  ita  tijqwr  or  lower  end.  Last^,  llUa 
maehine  muit  be  aupported  by  ita  two 
nivata,  ao  aa  to  main  fn  an^  with  the 
noriaon,  at  ihown  in  the  llgnre.  If  now 
tiwloww  end  V  of  the  tube  be  suppoaed 
to  be  eoverad  with  water,  that  water 
win  flow  to  ita  own  level  within  the 
tuba,  and  will  ooeupy  the  loweat  bend  e : 
and  if  now  the  eylioder  yj/  be  tm-ned 
nund  by  ita  handle,  in  a  (fireetion  frMn 
lift  to  right,  the  lower  end  of  Um 
mini  tube  inll  become  elevated  sbora 
the  eurfkee  of  tha  water  in  the  rewc. 
TCMr,  and  that  water  whieh  had  nteni 
into  the  tutte  will  have  no  opportunib 
of  eae^Mi^,  but,  by  the  motion  of  tbh 
aenw-ttibe,  wUlftow  irOon  '-^^lu^vSk 
tha  «id  oC  tU  ftiA  TOt(All&in,^^■w^\)a 
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tbnnd  in  the  second  lower  bend  «.  In 
flw  mein  time,  the  loireat  extreme  end 
oF  the  tobe  «S1  lum  nude  &  Mcond  ifo 
into  the  wmts  of  the  leaeivou,  and  will 
recdve  a  second  diam,  which,  in  like 
manner,  will  be  trvnnemd  to  it  at  the 
next  revolution,  while  the  water  latet;^ 
atdwill  be  eleytted  toio ;  until  at  length, 
when  the  cylinder  has  made  u  many  re- 
Yolutiont  aa  there  are  turns  of  the  tube 
round  it,  each  lower  bend  will  become 
filled  with  water,  whatever  mav  be  the 
length  of  the  cylinder  y  y ;  and,  as  the 
etSeme  upper  end  a  of  the  tube  be- 
comes depTMsed,  in  each  reiohitiou,  into 
the  ntuatioii  of  a  lower  bead,  it  will 
there  discharRc  >ti  water  into  an  ele- 
▼ated  datein  a  placed  to  recdre  it  The 
quanti^  of  water  raised  by  thi«  machine 
will  d^nd  upon  the  ciuiad^  of  the 
■crew-pipe,  and  the  angle  above  the 
horiion  at  which  it  is  placed  to  wotk ; 
but  it  will  be  aeen  by  the  figure,  that 
there  is  room  to  dispose  several  pipes 
parallel  to  each  other,  round  the  aaine 
cylinder,  when  they  will  allworic  simul- 
taneously ;  or  the  whole  cylinder  itaetf 
may  be  made  into  a  hollow  screw,  by 
merely  placing  a  thin,  sctew-formed 
diaphragm  or  partition  round  its  central 
axis,  which  is  the  moat  usual  form  of 
the  machine  in  practice.  On  a  small 
scale,  it  may  be  constructed  by  wrapping 
one  or  more  flexible  lead  pipes  round  a 
solid  cylinder  of  wood,  which  finma  a 
useful  machine  for  raising  water  to 
small  heights.  It  was  formerly  much 
ued ,-  but  owing  to  its  Kahili^  to  be- 
vae  choked  by  mvd,  weadi,  and  otha 


inqpedhaent*,  and  the  great  dificnlty  of 
it  ont,  it  is  seldom  met  wUIl 
.'om  its  tpeaaat  appewance  rf 
to  Ihraw  the  anlfaa  wdgfatof 

^ Jiat  it  ia  rttMDsnpon  ila  uleif 

Mid  tbeUtOe  fiietioD  n^  wluch  Owse 
m^  be  made  to  more  bf  friction  rollenk 


uridngpowi 


laaeiflMd  to  it; 


but  if  investigated,  it  win  be  fbond  Out 
the  water  is  merely  made  to  flow  up  sn 
inclined  plane :  and  vriiether  water,  or 
any  other  weipit  be  drawn  vp  a  fixed 
inclined  plane,  or  it  he  statiopaiy  until 
moved  by  an  indtned  plane  betng  forced 
under  it,  as  is  the  case  with  the  quanti- 
ties of  watCT  contained  in  the  aevenl 
bends  v.u,ie,x,  &c.  the  mecbaiuesl 
effort  will  be  the  same ;  conaeqiwntlf, 
this  machine  possesses  no  other  meeha- 
nical  advantage  over  other  consbno- 
tions  of  pumps,  except  that  its  motiona 
are  attended  b^  leas  ftictioa  than  be- 
lonjirs  to  most  of  them. 
""  ■    ■  ■     of  the  J 


Screw  is  occaaonaUy  adopted  in  the 
wheel-Gmn,  by  malong  the  imAca  or 
radii  hollow  and  curved,  aa  inowii  at 
eec(Jlg.4.):  but  in  this  w^  the  wa- 
ter cannot  be  raised  hirim  than  (he 
centre  or  axis  of  the  wheel ;  for  the  hol- 
low spokes  bdnf  open  at  the  cfacom- 
ttnnee  of  the  wheat  dm  into  the  water 
and  reodve  thdr  tappU,  wludi,  from 
the  wheel's  motion,  and  Uieir  peenSHr 
fiirm,  is  carried  to  the  axis;  trtuch  m^ 
dther  be  hollow  to  receive  and  carry 
away  the  water,  or  a  dstem  may  ba 
placed  under  it  to  mdve  the  wata- nm 
ttxaenaa. 
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JbtBudUi-Bi^iiuaaiCltai^Pta^  wheel/,  u  well  h  the  lows  end  of  the 
an  but  tnortHlemtioni  of  the  tbore-de-  trunk,  must  be  under  water,  and  the 
mibed  nudiine*,  aad  are  TOy  OMfiil  in  ehain  of  plates  pasamgiqiwaTds  through 
particnlar  aituatknu.  The  enain-pnmp  ttie  trunk,  produces  a  Buccesaioa  of 
V  ahown  at  Jig.  t,  and  conaita  of  a  diambcn  or  cavities  thftt  become  filled 
number  of  flat  pIMM  Or  diaca  of  wood  with  water,  which  ii  eventualh^  di*- 
ariiMtalddd,mieh are Ufuallj square,  obafged  Brom  the  top.  From  the  fbr- 
■od  are  connected  together  throng  mation  of  Uus  pump,  it  requires  to  woric 
thor  centre*  bj  an  iron  rod,  with  Jointa  in  deep  water,  and  consequently  cannot 
^  .  drain  a  retorf  iht  to  the  battom ;  but  it 

■"'■^    ^;/.  has  the  advantWB  of  not  being  liable  to 

choke,  and  will  even  tirine  up  mud, 
stones,  and  such  weeds  and  chips,  ai 
would  entirely  destroy  the  operations  of 
a  more  perfect  mactune ;  and  notwith- 
standine  it  may  be  supposed  to  lose 
much  tS  its  power,  owin^  to  the  pUtea 
not  fitting  very  accurately  into  the  trunk, 
yet  as  an  upper  chamber  can  only  leak 
mto  one  that  is  below,  and  the  motion 
of  the  plates  is  very  rapid,  it  will,  when 
properly  constructed,  oring  up  a  vei^ 
considerable  quantity  of  water ;  and  it 
ii,  on  this  account,  more  fi^uently  used 
than  any  other  sort  of  pump,  in  drain- 
ing the  water  from  foundatioos,  in  the 
construction  of  bridges,  docks,  and  laige 
works.  If  the  top  and  bottom  wheels  • 
and/are  supposed  to  be  retained,  while 
the  trunk  is  taken  away,  and  a  num- 
ber of  tniekets,  similar  to  those  upon 
the  wheel  (Jig.  4 .),  are  attached  to  the 
chain,  inst^d  of  the  square  plates  ddd, 
then  the  machine  becomes  abucket-en. 
gine,  which  is  but  another  form  of  the 
Penian  wheel  aheadv  described.  There 
are  many  more  machines  of  this  clau 
for  raising  water,  but  the  examples  al- 
ready given  embrace  the  principles  of 
most  of  them,  and  it  would  be  quite  be- 
yond the  limits  of  this  work  to  attempt 
to  describe  the  whole  of  them. 

The  Rope-Pump  of  Veia,  descril>ed 

~~  in  most  books  on  Hydraulics,  consists 

between  each  board,  so  as  to  pennit  likewise  of  an  upper  and  lower  puller. 
them  to  turn  with  nearly  the  same  firee-  fbrmed  in  the  ordinary  manner,  butwiUi 
dom  as  if  they  were  connected  by  a  several  grooves  in  each,  in  which  end- 
chain.  The  chun  of  plates  so  formed  is  less  ropes  of  very  loosely  spun  horse- 
sujqMrted  and  kept  m  its  place  by  two    hair  or  wool  are  made  lo  move  with 


ot;  aitd  fufmort  the  plates  in  succession,  lower  pulley,  together  with  a  great  part 

uid  in  rach  manner,  that  if  the  upper  of  the  rope,  moves  in  the  water,  which 

whed  •  if  turned  by  a  winch,  it  will  is  merely  brought  up  by  adhering  to  the 

cause  the  whole  chain  to  move,  one  side  ropes  and  the  rapidity  of  their  motion, 

of  it  passing  upwards,  while  the  other  This,  therefbre,  is  but  a  very  imperfeet 

descends  continually  in  the  same  ditee-  and  rude  kind  of  tnicket-pump,  and  is 

tion.    The  ascending  side  of  the  chain  liy  no  means  deserving  the  place  it  has 

is  made  to  past  throuf^  a  consider-  so  \t>ng  held  in  the  catalogue  of  Hy- 

able  length  of  tquare  box  or  trunk  drauUc  machines, 
which,  W  fittmff  ptetly  closely  to  the       The  Mcoad  clau  ot  cmAmmnM  Vm 

plates,  RoBu  the  poop.    Jo»  knw  tWAOK  utter,  oct^aX'm^Voi^SbB)  w>t 
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taott  HHehinM  to  whicb 
pwy  i*  Toan  pattienlarlj'  i^pUccL  Of 
puiiip*  than  m  Mrarnl  niMbM ;  but 
ih«  itinplert  and  mott  oommon  ii  tka 
ordinary  l^,  arBbutt/toUPiKip.iriadh 
depend*  eniefly  on  Um  prufiira  of  tba 
«biioiph«n  for  it*  Hillon.  TUi  uafbl 
machine  ia  ona  of  neat  antiqui^,  ha 
invontion  bong  aaonbed  bj  Vitruvnii  to 
Ctetebes  of  Alaxanitria,  befora-mm- 
tioned  ;  but  the  principles  upon  whi^ 
it  acts  were  not  understood  until  long 
aftenrardi,  ai  wpeara  by  therery  lame 
explanation  of  thnn  that  ia  attampted 
bjr  Galileo  towaids  the  be^nning  of  the 
•crenteenth  centuiy .  The  nature  of  at- 
moii^erio  preaturewaa  not,  howetar, 
H  thia  tiraa  at  all  underatood ;  and  it  ia 
K  curioui  hot,  that  tht  axparimenta 
made  upon  thia  now  oommon  maohine 
■houLd  have  led  to  the  tuTention  of  the 
barometer,  by  which  the  vaiiationa  of 
the  atmoiphere  hare  nnce  bean  iO  a»- 
onrately  inTeadgatcd. 

Ihefonn  and  oonatiuction  of  the  com- 
mon lift-pump  it  thown 
tg.  7,  in  which  m  m  ia  thi 


bairelrflan  air-tif;htiniton.  which  morea 
or  noika  iriUun  it,  by  meuu  of  tha  fu. 


toB^vd  «,  mmd  t^  Uw  tern  pp.  « 
anj  othtr  oeatilmiM ;  f  ii  thaaMtin 
or  bodrng  p^M,  daaoawtinff  ate  Ite  Jv 
of  water  rr.wfalehwiraUM  «mD  « 
other  raaarrwr  in  an  Mtaalpanp,tt 
nha  at  tha  bottom  of  tfM  band  OOMV. 
ing  the  top  of  the  bafing-pte^  and  I 
a  ralro  in  tba  paton,  both  wluah  nbaa 
apaa  upwanla ;  it  k  ii  an  opan-toopil 
receiver  fbr  luppoitinK  the  pump  ahon 
the  jar  of  water  rr.  Raiafai^  the  piitoB 
R  from  the  bottom  to  the  top  of  the  baiL 
rel,  will  produoa  a  twmtUD  in  tiw  bar* 
rel  between  s  and  *,  and  the  pRnura  of 
the  air  upon  the  aurlhee  of  tna  water  at 
r  r,  will  fbroe  a  quaotitjr  of  that  watv 
up  q,  through  the  Tahre  (,  into  the  in- 
terior of  tha  barrel,  when  it  will  be  n- 
tained,  because  it  camuit  paaa  batk 
again  through  t ;  when  the  piatoa  *  h 
lowered,  it  can  pan  throii^  the  water 
previously  nlsed,  becanao  Ita  vahe  f 
will  open,  and  thus  it  geti  to  the  bottom  of 
thebarreL  Onraiainxthapiatanaaecand 
time,  the  water,  nmch  Ma  lo  pamtd 
through  it,  will  be  canlad  up  br  it  into 
the  cistern  o,  from  whenes  it  will  ba  dis- 
charged by  the  spout  «,  while  a  ne* 
vacuum  is  forming  botwaan  tt  and  t, 
which  will,  of  eoune,  bn  nqipliBd  m 
before  with  water ;  and  ttttu  H  will  a{^ 
pear,  that  tba  common  watv-puiqi  ji 
rather  a  pneumatic,  than  an  hydraulu 
machine,  because  it  raiaaa  water  onh 
by  the  production  of  a  Tacuun  withv 
the  worinng  banal :  in  eonaoquanee  of 
which,  the  axtemai  atmoaphaic  i>m- 
Bure  is  called  into  action,  and  foivM  ths 
water  of  the  well  up  the  auction-pipb 
The  consequence  oi  this  ia,  that  iftot 
piston,  at  its  greateat  eter^ion,  ahonU 
at  any  time  exceed  tha  diatatme  of  thir^- 
three  feet  from  the  aut&ee  of  the  watw 
m  the  weU,  the  worldng  of  Qte  pump 
may  not  produce  a  Rifficiantly  parfM 
vacuum  to  raiae  the  water. 

It  may  not  be  amiss  to  notice  n  ftwDaot 
error  in  tha  conitruetioaofpuBqka,  which 
ia  veiy  detrimental  to  their  imtifm, 
namely,  maldngthc  foediii9-pq>t,  or  that 

S'pe  which  proceed*  from  &t  wat«  to 
I  raited,  to  tba  bottom  of  tiw  wotU^ 
barrel,  of  too  amall  a  oapacilj,  undv  « 
notion,  that  if  this  pipe  i*  large,  the  pa- 
ton  in  atcending  vnU  have  to  niae  anl 
draw  after  it  a  much  thiokor  oohmn  ef 
water,  and  contequentfy  a  much  gnats 
load  than  i*  neoeteaty.  IliefljWaf 
.this  supposition  is  deariy  ahown  in  tha 
Traatise  upon  Hydrostatica;  for  irtia- 
ther  a  cuumn  of  watm-  be   ctennt 


tewttvvAa  \)QaB.a.^jirii(n,«i;  ^  qBte> 
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■iisMDdiiif^pistoiit  and  is  drawn  and  when  inibi|m  art  naed  Ibrhotli- 

la  bj  it,  as  u  thaeaaa  in  ajmmp,  qaon^  whiiui  is  the  ease  in  many  manu- 

imunstanoes  of  pressure  will  al-  uctories,  thick  hempen  canvass  must 

•main  the  same*  and  will  be  re-  be  substituted  for  leather,  unless  the 

1  only  br  the  pcrpendieular  height  valves  and  piston  are  made  entirely  of 

risontal  seotional  area  of  tiie  co»  metal. 

The  woridng  barrel  of  the  pump,       As  the  above-deseribed  pump  acts 

I  piston  that  works  in  it,  will  entirely  by  atmospherio  pressure,  and 

m  always  determine  the  area  of  is  therefore  incapable  of  mrawing  water 

lumn ;  and  whether  the  pipe  that  from  a  greater  depth  than  from  30  to  33 

ttie  water  up  into  it,  or  upwards  feet,  it  will  at  once  appear  that  it  is 

t,  be  greater  or  less,  the  eflhctiTe  inapplicable  to  mines,  or  those  situations 

to  work  the  pump  wiU  be  the  in  which  it  may  be  necessary  to  bring 

friction  only  excepted.  water  from  great  depths,  or  to  raise  it 

withstanding  the  common  hftiiig  to  jgreat  elevations.    Whenever  this  re- 

b  incapable  of  raising  water  from  qmres  to  be  done,  the  third  class  of 

than  33  feet  (or  rather  30  feet)  pumps  or  machines  must  be  resorted  to, 

the  place  where  it  may  be  ^xed,  or  those  which  act  by  mechanical  force 

lay  be  made  to  deliver  water  at  al«  or  compression,  instead  of  atmospheric 

nyrequired  height  above  its  piston  pressure  alone ;  and  all  pumps  of  this 

application  of  a  continued  straight  description  are  very  properly  denomina- 

istead  of  the  dstem-head  shown  ted  Fbrdng-pumps.    Although  atmos- 

in  the  last  figure.     Thus  if  that  pheric  pressure  is  not  necessary  to  the 

-head  and  spout  be  supposed  to  construction  of  forcing-pumps,  y^X  it  is 

m  away,  ana  20  or  30  feet  of  dose  in  most  cases  resorted  to  for  raising  the 

pe  to  M  added  to  the  top  of  the  water  in  the  first  instance  mto  the  body 

ig-barrel  m  m,  since  the  watef  of  the  pump  where  the  forcing  action 

■aised  cannot  pass   downwards  commences  and  takes  place ;  and  when 

through  the  valve  t  in  the  piston  so  constructed,  such  pumps  are  gene- 

ket  ^fi,  it  must  continue  to  risi  rally  called  lift  and  force  pumps,  and  in 

ich  stroke  of  the  pump,  until  at  all  the  machines  of  this  descnption  the 

it  will  flow  over  the  top  of  the  water  mav  be  raised  to  any  required 

r  through  a  spout  inserted  in  any  heisht  without  limit,  provided  there  is 

f  its  side.    In  this  case  atmos-  sumcient  power  to  work  the  pump,  and 

pressure  has  nothing  to  do  with  the  pipes  and  materials  of  the  machine 

ivation  fd)Ove  the  piston,  conse-  are  strong  enough  to  bear  the  pressure 

Y  it  may  be  carried  to  an]^  height  of  the  ]pe^;)endicular  column  of  water, 
le  strength  of  the  pump  wiUadniit       Forpmg-pumps  do  not  differ  mato^ 

;  the  handk  pp  (or  any  other  con«  rially  in  construetion  firom  the  eommon 

»  by  which  tne  pump  is  worked)  lifting  or  household  pump  already  de- 

»e  fixed  above  the  top  of  this  pipe,  serlbed;  indeed  that  pump,  by^mere 

e  piston-rod  o  must  be  equal  In  inversion  of  its  parts,  may  be  made  into 

to  the  pipe  in  order  to  keep  the  a  foreing*pump,  that  ts  to  say,  placinr 

ig-barrel  within  the  limits  of  ait-  the  piston  Wow,  and  the  stop-valve  and 

erie  pressure,  which  makes  thib  deUvering  pipe  above,  as  shown  tXftg. 

ement  of  pump  mapplicable  to  8,  where  A  A  shows  the  inverted  work- 

;reat  depths  on  account  of  the  ing  barrel,  hnd  •  the  inverted  piston  and 

f  of  the  piston-rod.  ¥niere  cast-  roKl  with  a  valve  opening  upwatds  $  h  is 

ipes  are  used,  this  may  be  in  a  the  stop-valve  placed  at  the  top,  instead 

measure   prevented  by  placing  of  the  l>ottom  of  the  barreli  and  also 

pieces  witti  projecting  arms  of  opening  upwards  into  the  rising  pipe  /  /. 

mt  length  to  touch  the  inside  of  wnichmav  be  continued  to  any  inquired 

[>e  at  each  Joint  of  the  piston-rod,  height  j  the  lower  end  of  the  woridnjg- 

)ut  10  or  12  feet  asunder,  when  bairel  is  quite  open,  and  must  stand  in, 

imp  may  be  used  for  con^erable  and  be  covered  with  the  water  it  has  to 

I  with  advantage.  raise,  so  that  no  suction  or  feed  pipe  is 

asing  pumps  to  draw  muddy  or  necessary  to  this  pump,  and  the  piston 

water,  It  is  always  advisable  to  set  %  may  be  worked  by  a  handle  and  series 

ttom  of  the  pump  in  a  elose  wicker  of  levers  m,  ft,  o,  or  in  any  other  conve- 

;  or  other  strainer,  because  sand  nient  manner.    After  the   description 

nail  stones  very  soon  destroy  the  already  given  of  \heQomm<(m\)^yi»s^^ 

r  and  wcMngpartB ofaBypomp;  it  wUL  M imaiBMa  \D  nvf  euj  ^Sdsd%  ^^ 
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the  actum  of  this  madiiiw,  at  it  is  pre- 
sumed the  figure  wiU  noder  it  suffi- 


ciently  obvious ;  while  the  lower  end  of 
the  woridng-barrel  A  A  is  immened  in 
water,  and  me  piston  i  moves  upwards 
and  downwards,  the  barrel  will  he  filled 
through  the  piston-valve  at  each  down- 
stroke,  and  at  each  up-stroke  its  con- 
tents will  be  expelled  through  the  stop- 
valve  k  into  the  ascending  pipe  /  /;  and 
whatever  the  diameter  of  tnis  pipe  may 
be,  still  its  resistance  will  constantly  be 
ea  ual  to  the  weight  of  a  column  of  water 
of  the  size  of  the  woridng-barrel,  and  of 
a  height  equal  to  the  perpendicular  alti- 
tude of  the  water  in  me  ascending  pipe ; 
for  this  pipe  maybe  placed  horizontally 
or  obliqueljr  so  as  materially  to  alter  its 
length,  but  it  is  the  peipendicular  height 
between  the  surface  oi  the  water  to  be 
raised  and  its  point  of  discharge,  which 
must  alone  be  taken  into  account  in  es- 
timating the  load  upon  a  pump,  since 
increase  of  length,  without  height  in 
the  pipe,  produces  no  other  resistance 
than  that  of  friction,  which  is  easily 
overcome  by  increasing  the  capacity  of 
the  pipe. 

It  may  appear  that  the  above  pump  is 

applicable  to  every  purpose  and  to  every 

situation,  such  as  raising  water  from 

ioiaes  gad  the  deepest  plMet  -^  but  t)»a 


is  not  tiie  case,  owing  to  ttie  afaMit 
imperceptibly  stnall  dastidty  of  water* 
and  the  effiwts  of  the  tfw  mmtIuv,  wfaidi 
belongs  to  fluids  in  oonunaa  witti  sofid 
matter.  In  woridng  the  pnnqi  shown  ia 
the  last  figure,  if  we  presume  tiie  p9e/< 
to  be  full  of  water,  that  water  Yom  not 
sufficient  elasticity  to  permit  liie  band 
A  A  to  dischaige  its  contents  throng  file 
tilve  k  without  putting  aU  the  wate 
eontained  in  //  into  motion,  yrbaUt^  wfaoi 
the  piston  descends,  that  motion  win  be 
at  an  end.  The  water  in  //  wiU  thoe- 
fore  be  in  an  alternate  state  of  rest  and 
motion ;  and  if  the  column  it  long,  and 
its  quantity  ^pneat,  the  vis  inmUrn  will 
be  veiy  considerable,  that  is  to  wKf,  it 
will  require  a  considerable  exottion  of 
force  to  get  it  from  a  state  of  rest  iato 
motion  ^  and  when  it  has  once  began  to 
move,  it  wUi  have  no  immfdiale  ten- 
dency to  return  a^^ain  to  rest,  bntniicht 
be  continued  in  its  motion  witti  m 
(brce  than  that  which  waa  oripnal^ 
employed  to  move  it  The  descent  or 
the  piston,  however,  allowa  sufikial 
time  for  all  the  motion  that  was  oom- 
municated  to  be  completely  lost;  and 
hence  in  working  this  pump  we  not  onlf 
have  the  woght  of  the  column  to  over- 
come, but  the  natural  inertia  to  combit 
with  at  eveiy  stroke.  This  may  in  giest 
measure  be  removed  by  keeping  two,  or 
what  is  still  better,  three  pumps  con- 
stantly at  work  by  what  is  called  a  triple 
or  three-throw  crank ;  and  aooorffin^ 
this  expedient  is  generally  resorted  to 
in  all  small  engines  for  throwing  water 
to  a  great  height:  for  by  this  means  thi 
water  is  never  permittee!  to  stand  stiUii 
the  pipes,  but  a  constant  flow  or  stream  ii 
maintained.  The  triple  crank  is  an  wak 
of  iron,  bent  into  the  finrn  shown  at^. 
9,  so  as  to  form  three  elbows  vuw» 
to  £ach  of  which  the  piston-rod  of  a 
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»  ]■  ■tlaebed  Iff  a  nrird-joint, 
I  the  whole  rercuTes  on  two  eitd- 
igi  w  piTOta  xy.  Tlie  come- 
»  of  this  u,  that  while  the  piitoa- 
eoniMcled  to  the  cnnk  to  U  It  the 
owest  point  or  bottom  of  its  itroke. 
■ton-rod  a  with  it*  cnnk  u  is  very 
r  at  iti  greateit  height,  but  the  rod 
.  the  crude  e  are  horiiont&l  and  in 
Diddle  of  their  strolie:  the  pump 
eted  with  »  would  therefore  be  the 
■etiTe  one  io  the  (anient  itate  of 
I,  but  if  the  crank  is  supposed  to 

motion,  l)efore  the  rod  z  ^eti  to 
■ottom,  b  will  have  begun  its  ai- 
ng  and  a  its  descending  stroke,  so 
1^  this  contrivance  one  pump  is 
n  brought  into  effective  action  just 
e  another  ceasea  to  act,  and  thus  a 
ant  itreBin  is  produced.  To  ^ve 
iple  crank  its  most  perfect  action, 
iree  cranks  or  anna  should  make 
•  of  120  dKrees  with  each  other, 
hen  viewed  from  either  end  x  or  «, 
Id  stand  like  the  three  radii  eJ« 
n  separately  under  the  last  figure. 

most  eases  of  raising  water,  the 
ig-piunp  m^  be  resorted  lo  with 
<itaj^,  particularly  when  the  pump 
large  dimensions,  and  the  height 
aich  the  water  is  to  be  raiaed  ii 
,  for  this  might  endanger  the  dis- 
n  or  breakiiw  of  the  crank  above- 
ibed.  The  forcing- pump  is  like- 
generally  used  in  conjunction  with 
r-veuel,  or  strong  metallic  boi  to 
in  condensed  air,  the  spring  or 
a^  of  which  enables  tlus  pump  to 
ice  all  the  beneficial  effects  of  a 
ant  current  with  one,  or  at  moat 
working-barrels,    instead   of  the 

that  are  necessary  with  the  triple 
(,  and  thus  a  considerable  portion 
ction  is  avoided. 


dances  under  which  it  has  to  work, 
nmplest  and  best  conslructiDn  is 
n  at  flg.  10.  It  consists  of  a 
-bored  cylindrical  working-barrel 
he  top  of  which  is  quite  open  to 
t  the  solid  piston  t,  which  worlu  in 
.  a  pofecOy  air  and  water  tight 
,  1^  means  of  the  lever  or  handle 
w  any  other  or  more  convernent 
ication  of  power ;  A  is  the  feeding- 
Apping  into  the  water  to  be  raised 
-  any  oucrpump,  and  this  mpe  may 
Dime  be  made  of  any  length  under 
«t;  A  is  the  stop-valve,  covering 
'op  of  the  fbed-^[ripe,  and  penmttiug 
T  to  rise  mlo  the  worimig-baiTel  u 


piston  is  raised  by  its  handle^,  the  bar- 
rel will  be  filled  with  water  fi>rced  up 
the  ppe  A  by  atmospheric  incisure;  ana 
when  the  piston  descends  again,  since 
there  it  no  valve  in  it  to  permit  the 
water  to  pass  throng  it.  it  will  be  forced 
up  the  latctal  pipe  /  (opening  into  the 
bottom  of  th«  woriiin^-banel,)  and 
throuffh  the  vahe  m,  which  prevent!  its 
retionmg  back  a^in,  to  that  it  is  con- 
atrained  to  find  tta  way  up  the  rising 
pipe  p^  fixed  abore  the  valve  m,  ana 
this  pipe  may  be  eontinued  to  any  re- 
quirea  heisAit  without  regard  to  the 
pressure  <n  the  atmosphere,  nnce  the 
aacent  of  the  vrater  does  not  depend 
upon  iti  action,  but  upon  the  mechani- 
cal force  that  it  ap^fied  to  the  handle  g 
to  depreta  the  ptUHL  While  Qieinaton 
ritea  to  fin  the  waAmg-barrd,  the  valve 
■1  will  be  shot,  and  ofconrse  all  motioa 
of  the  flmd  in  the  pipe  pp  will  ceaae, 
and  hence  ttte  we  of  the  air-Tetsd  n  t 
fliT  h  will  be  teen  that  the  npe  pp  it 
not  joined  on  immediately  above  the 
vahe  M,  but  that  it  passes  through  the 
topofanair-ti^tc<^)pem'other  hxA' 
low  veisel  N,  ud  trracetAa  Tm^  Vi'&'A 


than  wnter  ntU  of  ooiirM  occupy  the 
upper  pnH  of  1hi<i  vessel,  and  as  soon 
Bx  ihc  Hclion  of  ihe  pump  has  filU-d  it 
wifh  WRier  up  to  the  line  oo,  or  just 
above  the  lower  end  of  Ihe  open  pine 
op.  all  itir  that  is  above  the  water  will 
be  confined  and  unable  to  escape.  If 
Aow  the  working  of  the  piston  be  sup- 
posed to  throw  water  more  mpidly  into 
the  air-vessel  than  it  can  csoape  by  the 
pipejpp,  it  is  evident  that  suehcon^ned 
air  will  be  condensed  into  leu  compass 
than  it  naturally  occupies,  in  order  to 
make  room  for  the  water ;  and  as  the 
elasticity  of  air  is  constant  and  increases 
in  power  with  its  degree  of  condensation 
fri'hout  Umitation,  so  Ihe  ipiing  of  the 
air  in  the  air-vessel  will  beoonw  a  coun- 
terpoise, or  equivalent  for  any  height  to 
which  the  pipe  ;;  p  may  be  euried ;  and 
although  the  water  in  tlu  pump  ex- 
plained at  page  IS,  {Jig,  8.)  would  not 
admit  of  condeniation,  so  ai  to  pennit  a 
fresh  quantity  of  water  to  enter  tlu  as- 
cending pipe  without  putting  all  its 
contents  into  motion,  yet  thn  introduc- 
tion of  the  air-TCwd  obviates  this  diffi- 
culty, for  now  ibt  new  quantity  of 
water  is  not  ddivend  into  a  fonnet- 
quantity  of  inelulic  water,  but  into  a 
vessel  filled  with  air  which  readily  al- 
lows a  change  of  dimensions;  and  while 
the  jiiston  t  (Jig.  10.)  is  rising  and  pro- 
jecting no  water,  Ihe  previously  con- 
densed air  in  n  has  time  to  re-eipand 
into  its  fbrmer  volume,  by  expelling  an 
equivalent  quantity  of  water  up  the  pipe 
pp,  and  thus,  if  the  air-vessel  is  large 
enough,  a  conilani  and  equable  current 
may  be  muntained. 

Pi'g.  11  shows  the  other  form  of  the 
forcing-pump,  thou^  this  construction 
is  generally  called  The  Lift  and  POree- 

Cmp.  Its  formation  is  the  same  as  the 
1-described  ftgure,  except  that  the 
piston  is  not  solid,  but  is  perforated, 
and  covered  by  a  valve  opening  upwards, 
as  in  the  common  lifting-pump :  the  pis- 
ton-rod q  likewise  moves  in  an  air-tuht 
manner,  through  a  stuffinz-boz,  orcouar 
of  leather,  on  the  top  of  the  working- 
barrel,  which  in  this  case  is  closed ;  and 
the  lateral  delivering-pipe  with  its  air- 
vessel  proceeds  from  the  upper,  instead 
of  the  lower,  pajt  of  the  wondng-bairel. 
This  pump  not  only  has  the  stuffing- 
box,  but  tnree  valves.  Instead  of  two  as 
in  the  last  example.  It  is  consequently 
rather  more  intricate  and  expensive  in 
ill  construction,  with  no  othsr  advan- 
tM^  IhMB  Uiftt  it  if  rather  more  deaoly 
in  its  woiiang ;  fbr  if  Uw  piUm  <it  ttu 


former  pump  is  not  quite  water-tight  k 
quantity  of  water  may  flow  aver  the 


apav  top  of  Hi  woiUn^-bairrit  vUdi 
cannot  be  the  case  in  this  pump  if  wdl 
made.  Their  action  is  vei/  n 
for  this  last  pump  raise*  water  thr. 
the  suction-pipe  A  t)y  tlie  elevation  of  m. 
piston  t :  on  depressing  the  piston,  that 
water  passes  throu^  it  by  its  nhe^ 
and  gets  above  it  toM  ttie  nppv  put 
of  the  working-faanel :  on  the  re-asoent 
of  the  piston,  the  water,  beini;  unibli 
to  escape  at  the  top  of  the  bunloB 
account  of  the  cover  and  stufflnr-box  i, 
is  forced  up  the  lateral  pipe  /Wo  the 
air-vessel,  and  firom  thence  putes  «nf 
by  the  ascending  |npe  p  u  imAhc  ilw 
first  pump  raises  water  by  the  down  and 
this  by  the  up  stroke ;  but  Qijs  Is  n^ 
changed  if  requind,  1^  mdroting  alevw 
of  the  first,  instead  of  one  or  tlie  ieeond 
kind,  as  diown  in  the  flgunB> 

The  air-vessel,  shoim  n  thb  fl|pn, 
likewise  difi^  tma  4><t  in  M- 11^ 
bec&use  tlie  delivering  VV^P  ^  ™*  ^^ 
passes  through  the  vif,  and  tba  Ull« 
throurii  the  bottom  «  the  air-Tenel ; 
but  they  both  piuoeed  from  nev  the 
bottom,  and  in  either  cafe,  yioen  the 
water  bu  risen  to  the  dotled  line  o  o,  so 
as  to  cover  the  lower  end  of  this  pipe, 
the  air  will  be  confined,  and  titeir  opera- 
tions must  be  alike.  The  air-veMd 
nuut  tw  wiled  in  its  capacity  to  tli* 
<A  "^ft  %>)mi'^  ox  ^>ua^i  tlut 
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Hver  vntor  mto  it,  (for  sctcral  pomps  upon  the  fire  proceedi.  the  handles 
are  frecluently  made  to  open  into  one  are  so  dispoeed,  that  while  ^e  piston  of 
common  air-vessel,)  and  ought  in  all  one  pump  is  up  the  other  is  down  ;  and 
cases  to  contain  at  least  six  or  eight  they  are  elongated  for  the  purpose  of 
Toiumes  of  the  pump,  in  order  that  the  enabling  a  great  number  of  men  to  work 
inereaeing  expansive  ftnce  of  the  air  them  at  the  same  time,  for  the  purpose 
BMty  not  influence  the  motion  of  the  of  throwing  a  very  large  quantity  of 
piston  during  a  single  stroke :  but  for  water,  which  is  rendered  a  continuous 
this  no  precise  rule  can  be  given,  as  the  stream  by  the  action  of  the  air-vessel. 
relative  dimensions  may  vary  to  suit  It  is  curious  that  the  moft  ancient  pump 
the  ctreumstanoes  of  tfaie  case.  These  we  are  acquainted  with,  namely,  that  of 
fMneing-pumps  with  air-vessds  are  now  Ctesebes,  at  least  as  it  is  handed  down 
▼ery  generally  adopted  in  Water- Works  to  us,  very  closely  resanl)les  the  present 
for  supplying  cities  or  towns;  and  the  fire-engine,  for  it  consists  of  two  forc- 
lin(f^ht  at  which  the  water  is  at  any  time  ing-i)umps,  disposed  as  just  described ; 
ddivering  may  be  very  neaiiy  estimated  but  instead  or  disehareing  their  con- 
MT  the  air-vessel  is  laq^,  and  the  supply  tents  into  an  iir-vessd,  ihey  merely 
equable,  l^  examimng  the  degree  it  deliver  than  Into  an  intermediate  close 
condensation  of  the  air  within  it.  This  cistern,  fin^m  which  the  water  ascends 
is  very  conveniently  done  by  a  gauge,  by  a  perpcodicular  pipe,  and  in  which 
eonsistin|^  of  a  glass  tube  with  a  close  nothing  is  wanliaff  but  the  condensation 
top,  applied  by  a  stop-cock  to  the  lower  of  air*.  It  must/however,  be  observed, 
part  of  the  air-vessel,  or  that  which  is  that  both  the  pumps  f^own  at  Ji^s.  10 
alwa^'s  filled  with  water:  thus,  r  t  ijl^.  and  1 1, would  oe  fincing-pumps  without 
10.)  represents  such  a  tube,  and  as  it  their  respsetive  sir*Tessels ;  and  though 
hus  an  open  communication  with  the  thev  act  much  saore  advantageously 
mir-vessel  when  the  coek  t  is  open,  the  with  them*  they  are  sometimes  con- 
air  in  the  top  of  the  tube  will  MflBT  the  structed  without  these  useful  appen- 
same  condensation  as  that  within  the  daces. 

TisseL    The  height  of  the  space  ooeu-  A  pump,  the  invention  of  M.  de  la 

pied  by  air  wimin  the  tube  nnist  be  Hire,  produces  the  full  effect  of  two 

measured ;  and  as  the  air,  at  its  ordinary  pumps  with  the  fiiction  of  one  only,  for 

taMAy,  wiU  balanoe  a  oolumn  of  water  it  is  a  lift  and  fioroe  pump  that  raises  an 

S3  fat  high,  so  if  confined  air  is  loaded  tqatX  quantity  of  water  by  its  up  and 

with  the  weight  of  such  a  column,  it  down  mroke.    But  few  instances  of  its 

will  shrink  or  be  condensed  into  half  its  adoption  oeeur,  and  considering  its  ad- 

fbmer  Imlk.    Whenever,  therefbre,  the  vanta^,  it  is  surprising  that  it  is  not 

air  contained  in  the  tube  r  is  diminished  more  frequentlj^  put  into  practice.    It 

to  half  its  original  length,  the  conden-  is  shewn  m  section  at  flg.  12,  1 1  being 

sation  within  the  air-vessel  must  be  theworkmg  banrel,  in  which  the  solid 

equal  to  two  atmospheres^  or,  what  is  piston  v  moves  up  and  down,  u  is  the 

the  same  thins,  the  water  in  the  pipe  feeding-pipe,  andt^the  stop-vaWe  upon 

pp  must  stand  at  the  elevation  of  33  it;  d?  is  a  lalorai  pipe  proceeding  up- 

feet    If  the  water  in  pp  is  raised  to  wards  firom  the  bcntom  of  the  woriung 

twice  33  feet,  or  66  feet,  then  the  con-  bannel,  until  it  terminates  in  the  undar 

densadon  within  the  air-vessel  must  be  psrt  of  Uie  air  vessel  y,  such  termina- 

e<}ual  to  three  atmospheres,  and  the  air  tion  being  dosed  by  a  valve  opening  up- 

within  it,  as  well  as  within  the  tube,  will  wards  into  the  air-vessel,  firom  which  g 

be  diminished  to  one-third  of  its  origi-  is  the  discharging-pipe.     So  far  this 

ual  bulk.    One-fourth  of  the  bulk  will  pump  predsely  resembles  that  shewn 

indicate  fbur  atmospheres  of  condensa-  snd  detoibed  "by  Jig.  10,  both  in  con- 

tion,  and  be  equal  to  the  devation  of  stiuction  and  action ;  but  in  the  present 

the  water  column  to  138  fbet,  and  so  pump,  instead  of  the  woridng-barrd  t  i 

on,  more  or  less,  as  the  baromieter  may  being  open  at  its  top,  it  is  closed  by  a 

vary.  cap,  and  the  piston  rod  a  a  works  in  an 

That  uselUmadiine,  the  IVfV-ep^gtiie,  air-tight  manner  through  the  stuffin^- 

er  engine   for  extinguishing  fires,  is  bex^  consequently  when  the  piston  is 

nothing  more  than  two  foremg-pumps  deprosecd  to  expel  the  water  out  of  the 

of  the  construction  shown  at  Jig.  10,  kmer  part  of  tne  woridng-banrd  into 


woridoff  into  one  common  air-vessel 
piaoed  between  them,  and  firom  wtiieh 


•  8m  CtetiJbMPt  ?«in«  tx^cSiA  "^  ^^ob^  ^*^% 


tiMspoutingpqiefordvsoliBer<Diwat«    HiiisrtMaikiMiikAifi<ftiiisn^^<^>^^-^^^ 


It  HTDRAUUC8. 

the  air-vcMd  Umn^  the  pipe  x,  an-    ofcyliiidriMl 

cuum  will  be  fiamed  in  the  upper  put    toot,  nothing  am  u 


of  the  working-banel,  and  thii  ii  tup- 
plied  by  water  through  aiecond  teeding- 
pipe  c  alao  descending  into  the  well,  and 
naving  a  stop-valve  d  applied  to  it  in  a 
chamber  or  cavity  e  fonned  for  that  pur- 
pose ;  the  upper  part  of  this  second 
luction-pipe  opens  into  the  top  of  the 
workins-banrel  above  thegreatesthei^t 
to  which  the  pbton  can  ascend,  and  thus 
by  ila  descent  is  that  part  of  the  bairel 
which  is  above  the  piston  completely 
filledwithwatn-,  while  the  lower  part  of 
it  is  emp^ng ;  and  when  the  piston  as- 
cends a|^,  all  the  water  that  has  been 
■0  deposited  above  it,  is  forced  up  the 
pipe/  into  the  same  ur-vessel  y.  The 
pipe  /  is  likewise  closed  at  its  upper 


deliver,  than  t 
eoUcalcontenta  of  thai  part  of  the  bar- 
rel m  If  hieh  the  ticanm  ia  [ndiioed, 
and  to  reduce  it  to  •ome  itaiidiid 
meaaure,  and  then  to  XBoX&fij  tUa  bj 
the  nunber  of  itKikeK  nude  m  %  gira 
time:  thus  if  ft  vamp  ia  idBe  indwi 
diaoieter«  and  malfft  an  f  ffiwliw  ftnbe 
of  aboid  vditeCB  indiMt  radi  ftnfiii- 
der  win  be  ftnmd  to  eontut  Bbixt  1 IM 
cnbic  inchea,  and  aa  977^  cdUb  inditt 
make  an  imperial  gallon,  ao  toK  pt- 
loniwillbe  equal  to  1109  ealMBbafi; 
consequently  auch  a  band  will  eontain 
and  throw  out  tafiMr  Buro  Uuui  bur 
nllons  at  every  stroke,  nnd  auypqsaig 
this  pninp  to  make  ten  stroke*  in  a 
minute,  it  would  yidd  abore  fbi^  nl- 
lons  in  a  minute,  or  sixty  times  tW 
quantity  in  an  hour,  and  so  on.  Tbii 
rule  applies  in  every  case,  whether  the 
water  is  sent  to  a  small  or  great  dera- 
tion, because  flw  ptston  oumot  non 
without  diipladiw  UM  water  in  the  liar- 
lel  I'bnt  a  tmaU  aSowance  Dmst  be  ttide 
tar  leakue  or  waste,  beomuse  some 
water  will  eonstanttf  pass  the  pirioB 
and  escqie,  or  be  otberwiae  lost  ui 
waited. 

This  mode  of  calenlntioD,  as  b(fae 
observed,  on]^  mdies  to  such  V^ift 
as  have  cyliwfaicsl  working-bands  and 
pistons,  but  sometimes  pumps  an  others 
wise  eonstructed,  of  wliieh  the  flra-A- 
gine  of  the  late  Hr.  Bramah.  and  the 
excentiic  pump  are  instances.  In  flw 
former  of  these  contrivances,  the  woA- 

X'hutcI,  instead  of  bdng  en  oitin 
^     dt    '  ■      ■•■   .  .... 


sum>lie<l  by  a  paraUetogram  of  tne  same 
radius  and  len^  as  the  senu-CTlindtr 
moving  by  an  non  Imt  passir^  tnrou^ 


.,  and  properly  | 
terior    ei^es.    This    .  _„.  _ 

made  to  vibrate  through  about  170  de- 


piston  descends ;  and  thus  l>y  the  alter- 
nate action  of  one  piston  moving  in 
one  barrel  is  all  the  twneficial  effects  of 
two  pumps  produced  with  the  friction 
of  only  one. 

Since  it  is  impossible,  when  a  pump 
is  well  made  ana  is  in  ^ood  order,  that 
its  piston  can  move  without  displacing 
the  water  that  is  above  or  below  it,  ac- 
cording to  the  circumstances  of  its  con. 
ttnictioa,  so  in  all  pumps  that  con^ 


and  ends  of  the  semi-cylinder,  and  two 
feeding  and  two  delivering  Telres  are 
placed  upon  the  flat  top  or  coverilV  of 
the  whole.  This  pump,  theretbre,  in 
effect  is  the  same  as  that  of  H.dela 
Hire  last  described,  though  quite  ^- 
ferent  in  form,  and  its  mode  of  opera- 
tion is  nearly  allied  to  71m  Bxcmitnt 
Pvmp,  a  section  of  which  is  shewn  tf 
Jig.  13.  It  consists  of  a  hidlow  dmm 
ixcsVodet«X  tttBtsLad,  intiuintKiK 
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i:i 


oTwUdi  ft  nlid  ejtiaixe  b,  oftho  ii 

iHigth,  tnt  of  ObIt  hilf  ttw  diameter  a 


the  nnaSer  and  larger  eylinder  wiU 
hare  lo  &r  increased  aa  to  fonn  a  ra- 
cuum,  which  is  filled  mith  water  by  tlie 
beding  pipe  t,  Tliia  oavily  is  no  sooner 
■o  increaaed  to  its  Uigest  dimensioni 
than  it  i*  diminiahed  bj  a  continuation 
of  the  rerolutioti,  in  consequence  of 
which  the  water  being  pent  up  and 
•queeied  into  lesa  conqwas,  makes  its 
esc^ie  by  the  delireriiu'  pipe/;  and  aa 
each  of  the  ft^is  pe^nms  the  same 
operation  in  its  turn,  this  pump  affords 
~.  veiy  equable  and  constant  supply  of 


he  greatest  difficultr  m  its 


titareabtrata,  ii  made  to  rerolve  br  its 
■xlea  pasting  through  water-tight  ituff- 


construction  is,  that  of  kennng  Di 
of  the  fl^M  so  packed  aa  to  maintain  a 
perfect  contact  with  the  ndes  of  the 
large  c^inder  without  unnecessary  fiie- 
tion,  a  fikult  which  equally  holds  good 
in  Hr.  Bramah*s  fbe>engine,  in  allex- 
oentrio  pomps,  and  m  idl  the  rotattny 
ateain-airaneB  that  hare  yet  twen  in- 
vented. The  EicentricPumpisofthe 
lift  and  fbrce  rarie^,  since  it  will  de- 
lirer  water  to  an  inchdnite  height  above 
its  woiUng  cylinders. 

lbs  finuth  class  or  division  of  pumps, 
or  rather  hydraulic  machines  for  njsmg 
water,  conmsta  of  such  engines  as  act 


ing  boxes  in  the  ndes  of  Qie  larger  and  either  by  the  gr»vihr  or  weight  of  a  por- 

extoior  cylinder.    The  internal  cylin-  tion  of  the  water  they  have  to  raise,  or 

der  does  not  revolve  in  the  centre  of  the  of  any  other  water  that  can  be  used  for 

larp  cylinder,  but  is  solaced  that  one  such  pmpote,    or  by  its    centrifiigA 

of  its  convex  exterior  edges  may  come  force,    momentum,  or   other    natura, 

into  close  contact  with  some  one  part  powers  ;  and  this  class,  therefore,  in. 

ofthe  concave  orintemalsurfiueofthe  dudes  some  very  beautiftil  and  truly 

lamer  cylinder,  as  shown  in  the  figure ;  philosophical  contrivances,  too  numer- 

■nd  the  circular  exterior  lurbce  of  the  ous  to  be  described  in  these  limits :  tmt 

small  cylinder  is  equipped  with  fiinr  the  Hungarian  machine,  the  Cenlii- 

metal  tiifs  or  ralves  eoee,  turning  on  fugal  Pump  and  the  Water-Ram  offiar 

hinges,  and  partaking  of  its  own  curva-  interesting  examples  of  the  general  na. 

ture,  so  that  when  they  are  shut  down  tun  and  construction  of  the  machines 

or  closed,  they  form  no  prcijections,  which  are  placed  under  this  division, 
but  W^  as  narts  of  the  same  cylin.        The  Hungarian  machine,  so  called 

der.     ^)ese.  napa  are  made  to  open  flrom  its  haring  been  employed  in  drain- 

eitber  by  springs  placed    undemeath  ing  a  mine  at  Chemniti,  m  Hungary, 

tbem,w,whatis  still  better,  by  two  cross  produces  its  action  by  the  condensation 

wires,  lUding  through  the  internal  cylin-  of  a  confined  portion  of  air  produced  by 

der  in  such  manner  that  they  may  cross  the  descent  oi  a  high  column  of  water 

each  other  exactly  in  its  centre,  t^  contained  in  a  pipe,  and  therefore  acts 

which  their  operation  will  be  reniered  with  a  force  proportionate  to  the  weight 

equable  in  every  part  of  their  revdu-  of  such  column.    Its  general  form  is 

tion.    n^mi  the  fbrmation  of  this  ma-  shownatjfg.  14,by  which  it  will  appear 

chine.when  one  of  these  flaps  is  brought  that  it  is  an  exceedingly  simple  and  use  - 

by  the  revolution  of  the  internal  cyfin-  fill  machine,  admitting  of  manymodifl- 

der  between  itself  and  the  external  one,  cations  and  applications,  but  it  can  be 

it  will  be  pressed  down  eloae  and  will  used  only  in  hmy  countries,  or  situations 

shut,  but  as  the  inner  cyUnder  mores,  where  the  source  of  water  by  which  it 

it  will  be  carried  into  a  eontinualty  is  to  be  worked  is  as  much  above  the 

widening  space  until  it  anires  at  a  op-  topof  the  well,  asthewsterto  beraia«A 

posite  to  ute  last-mentionad  situation,  is  underneath  it    In  ^^oi  %»En  a  va 

whentlM  cavity  JliniMd  betwMO  it  and  luppondto  btft^H^Of^lut  »■&■(&  ^ 
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f  near  the  bottn 


mine,  fttna  the  bottom  of  which  it !«    hh  pueei  from  t«t  near  the  bi 
neceiMiT  to  nim  the  wkter  atandiiig     of  thu  chert,  thraugh  Iti  top,  In  « 

tight  manoer,  and  proceeds  upwards  in 
the  ehaft  u  for  as  the  surface  or  the 
eraund,  where  it  bend*  over  to  deliver 
its  «ater  u  at  A  e.  Another  open  mpe 
t  i,  which  may  be  of  rather  (miller 
dmiensioiu  than  the  lait,  proceedi  from 
the  top  of  tha  lower  cheat  e  to  my 
near  the  top  of  the  leoond  cheat/;  and 
a  thiirt  pipe,  A  /.  of  the  eaine  capacity 
aa  the  firat,  proceedi  from  to;  near  the 
bottom  of  the  eeeond  cloM  eliMt,  up  to 
the  bottom  of  the  high  reNtroir  i,ait 
has  a  cock  or  valve  at  /,  by  wtuoh  it 
can  occBsion^y  be  shut  or  opened.  A 
cock  or  valve,  of  large  dimenaioiii,  is 
also  fined  at  m,  by  which  the  eccend 
chest/  can  tie  emptied  of  ita  water,- and 
a  smalla'  cock  ii  fixed  higher  np  ai  at 
n  for  discharging  ita  air.  "to  let  the 
machine  In  action  nothing  more  is  ne- 
cessary than  to  shut  the  cocks  /  and  n, 
and  open  the  cock  n,  from  which  Ihe 
sir  previouily  contfdned  in  the  loner 
cheat  will  eacape,  and  its  place  will  be 
fUled  m  by  the  water  b  b,  which  will 
paaa  through  the  Tain  g,  untD  tb( 
chett  0  if  eompletely  filled.  Thatdon^ 
&a  an-  eockn  ii  to  be  shut,  and  the 
water  cock  I  opened,  when  ■  colunm  (tf 
water,  equal  to  the  full  hocht  and  pre*> 
sure  of  the  eiitem  d,  wul  rush  dawn 
the  pipe  A  f ,  and  br  filling  the  cheat/ 
will  expel  iti  ur,  wnich  tws  no  other 
opportunity  of  eaoqiin^  but  tiy  the  open 
pipe  i  i,  down  which  it  will  pass,  and 
produce  a  pressure  on  the  surAce  of  the 
at  the  level  lib.  ee'  a  the  surfkce  of  water  in  the  lower  chest,  equal  to  the 
the  ground  at  the  top  of  Ihe  well  or  entire  height  of  the  column  A  /;  and 
shaft,  at  which  the  dischafged  water  the  air  thus  thrown  into  the  ehnt  t, 
must  have  an  opportimily  of  escaping,  being  in  a  condensed  state,  will  fone 
either  tiy  running  lo  watte  or  being  eon-  the  water  previonsly  in  that  chest  up 
verted  to  lome  useful  purpose ;  and  d  is  the  pipe  A  A,  from  whence  it  will  be 
the  spring  or  other  elevated  source  from  discharged  at  e.  The  lower  chest  t 
whence  the  supply  of  water  for  working  will  now  ht  filled  with  air,  while  the 
the  machine  may  be  obtained.  The  upper  chest /will  be  occupied  In  wain: 
machine  itself  consists  of  three  cisterns,  therefore,  the  cock  I  must  be  ahnt,  and 
chests,  or  reservoirs,  two  of  which  at  that  at  m  opened,  when  the  whole  of 
e  and/  must  be  made  very  strong,  and  the  water  from  /will  tie  discharged  it 
perfectly  ab-tight,  while  the  third  at  d  c',  and  will  gire  the  air  in  e  an  oppor- 
may  be  weaker  and  ojien  at  the  top,  as  tunity  of  retiuning  again  into /thrinigb 
il  is  merely  for  collecting  and  retaining  the  pipe  1 1 ;  ana  as  the  air  m>m  e  es- 
the  sprins.  rain,  or  other  water  for  capes,  its  place  will  be  occupied  by  a 
working  Ihe  machine.  The  lowest  close  new  charge  of  water,  which  will  tise 
chest  or  reHervoir  e  must  be  sunk  be-  through  the  valve  g,  and  again  fill  the 
low  the  surface  6  A  of  the  water  in  the  lower  chest  e,  and  prepara  it  fbr  a 
■hnft  or  well  a,  but  must  not  come  into  second  discharge.  All,  therefore,  that 
o<'nlacI  with  its  bottom,  otherwise  the  is  necessary  to  keep  the  machine  m  ae- 
water  would  be  prevented  entering  the  tion  is  to  open  the  cocks  I  and  m  al 
diest  by  Ihe  valve  r,  which  opens  in-  tCTnately,  tnat  i>  to  say,  to  keep  the 
WMitb or itM  mbaiMmon.    Ant^en^ppe   oodk.  I  a;cii«a\w%«a«(jirateaow( 


fl*oiii  the  dischirpng  pipe  at  h  e,  and 
aa  soon  u  the  efflux  ce&sn,  to  shut  the 
cock  I,  and  open  m  to  discharge  the 
Wdter  from  /,  and  permit  the  lower 
chest  «  to  flu,  which  will  be  effected 
whenever  water  ceases  to  flow  from  m. 
The  cock  m  must  then  be  shut,  and  I 
opened,  and  so  on  alternately,  which 
mav  easily  be  done  mechanicallj,  and 
wilnout  supcrintendance,  br  using  a 
part  of  the  impelling  water  from  d,  or 
that  which  has  been  discharged  from 
A  c,  and  which  may  be  employed  to 
turn  a  small  water-Wneel,  or  to  nil  two 
small  cisterns  in  which  floats  are  made 
tn  act  Mr.  John  W.  BosweU  de- 
vised a  contrivance  for  atiiwering  Ihis 
same  purpc 
fully  dclailei 
Dr.  Gregory's  excellent  lYeatise  on 
Mechanics,  where  this  simple  machine 
19  described  under  several  forms  and 
modifications. 

It  must  not  be  supposed  that  flUing 
the  middle  vessel  /  with  water  will  dis- 
chan^  the  whole  of  the  water  out  of  e, 
otherwise  disappointment  in  its  eftecta 
will  ensue ;  because,  although  water  is 
Ttearly  incompressible,  air  is  highly  elas- 
tic, and  the  air  in  e  will  be  compressed 
into  Icxs  than  tts  natural  bulh.  or  will 
be  condensed  with  a  force  equivalent  to 
the  pressure  of  the  pentendicular  co- 
lumn of  water  A  A,  which  it  has  to 
overcome ;  and  ai  atmospheric  preisure 
was  shown,  when  speak ine  of  the  pumps 
under  the  second  head  or  division, 
to  be  only  equal  to  the  support  of  a 
column  ot  water  about  33  feet  in 
height,  so  if  we  imagine  this  to  be  the 
height  of  the  pipe  A  A,  that  column 
of  water  would  require  one  of  double 
mfinospheric  elasticity  to  support  it, 
and  hence  the  air  in  «  would  be  con- 
densed to  half  its  fbrmer  volume,  and, 
^erefore,  discharge  but  half  the  volume 
of  water,  although  /  should  be  oom- 
plefely  filled. 

Dr.  Gregory  ftirther  describes  a  curi- 
ous phenomenon  which  takes  place  in 
the  working  of  this  machine,  and  which 
never  Uli  to  create  surprize  in  the 
stmneen  who  visit  it,  and  to  whom  it 
is  usually  shown.  That  is,  when  the 
efflux  at  A  e  has  stopped,  if  the  cock  n 
be  opened,  the  water  and  sir  rush  out 
together  with  prodigious  violence,  and 
the  drops  of  water  are  changed  into  hail 
orlumps  of  ice,  issuingwilh  such  force 
as  frequently  to  pierce  a  hat,  if  held 
against  them,  like^M  bulieta.  This 
lifad  eottgalttitm  u  a  nmarjuble  io- 
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stance  of  the  general  Ihct,  that  air,  by 
suddenly  expanding,  generates  cold,  Sa 
capacity  for  heat  being  increased 

The  Cmtrifiigai  Pump  has  several 
different  forms,  one  of  the  most  simple 
of  which  is  shown  at  Jig.  IS,  in 
which  g  h  represents  an  upright  spindle, 
■0  fixed,  that  rapid  rotatory  motion 


fig-  IS. 


Wm 


may  be  communicated  to  it  by  the 
winch  t,  and  k  m  represent  any  num- 
ber of  curved  pipes  (each  of  whit^h  con- 
tains one  valve  opening  upwards)  so 
disposed  and  fixed  to  the  spindle,  that 
theu*  lowest  ends  may  be  near  to  it,  and 
be  covered  liy  the  water  to  be  raised; 
and  their  upper  ends,  which  are  quite 
open,  are  extended  to  a  considerable 
distance  from  the  centre  of  motion,  and 
Anally  bent  downwards  to  prevent  the 
dispersion  of  the  water.  The  several 
curved  [uties  must  be  filled  witli  water, 
which  will  be  retHined  in  them  hy  their 
bottom  valves,  and  are  then  put  into 
mpid  motion  by  turning  the  winch, 
when  the  higher  ends  >n  m  of  the  pipe 
will  describe  a  much  larger  cimle  than 
the  ends  betow,  and  consequently  such 
a  centrifugal  force,  or  tendency  to  fly  off 
and  empty  the  pipes,  will  be  induced  at 
the  upper  ends  as  will  produce  a  va- 
cuum, capable  of  raising  a  column  of 
water,  i  1 1 1  ii  a  circular  pan  or  re- 
servoir to  receive  the  upper  ends  of  all 
the  pipes  and  the  water  they  deliver, 
whicn  runs  off  by  spools  at  n  n.  This 
machine,  according  to  tlieor\,  &Uov\V^ 
deliver  water  Vi\rt\  a,  ■st\'ii:\Vi  t«a.x\5 
equtl  to  that  wi),U'(i\i\t\\\\\t  ^iv'^  ^  \!, 
of  the  pipe*  maift,  Vm\  "sci  y'*'^'^*^  * 
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has  fuled  or  produdng  vey  •dtraui- 
Tie   fFattr  Bam  or  Bt 


.  Montfolficr.  of  Parii,  ii  a  higUj 
tuerul  uid  limple  machine,  for  the  pur- 
poM  of  raiting  water  without  th«  ex- 
penditure or  aid  of  anj  other  force  thu 
that  which  i«  produced  by  the  momeii- 
turn  or  niOTii^  fona  of  a  part  of  the 
water  that  i*  to  be  raiaed ;  aod  it  one 
of  the  moit  dniple  and  truly  phJloeo* 
phkal  machines  that  Hydrauhct  can 
boatt  Tlie  action  of  ttiii  ouchine  de- 
pend! entinlf  upon  the 


that  is  gewiiled  wbenever  ft  body  n 
put  into  niotkia,  and  its  effiset  n  ao 
p-eal  aa  to  giro  the  iqiparattia  the  sn- 
paaianoe  of  actii^  in  deflanee  to  tbt 
eatabliahed  lawi  of  Hf  droetatis  eqnili- 
brioBj  fcr  a  moring  colmnn  ofwattt 
of  amall  bei{^  b  made  to  OTtreoae 

and  more  another  i*^ i  nwiBh  hifhtf 

thanitaelf. 

The  form  and  oautraction  at  the 
Watei^rani  it  thown  at;^.  IS,  Snp- 
poie  e  to  RMeaent  ft  eiilem  or  re- 
lervoir,  oi  the  tonree  of  a  aptinc 
wUch  it  oomtantlj  orerflowing  and 
mnning  to  watte,  t^  meana  of  a  ehan- 


nel  a  few  feet  lower  than  ilielf,  as  at 
the  level  line  p  p.  Instead  of  pw- 
mitting  the  water  to  run  over  the  ndea 
of  o,  fet  it  be  conducted  to  the  level 
pp,  by  meani  of  iron  or  other  pipes 
q  9  connected  with  the  side  of  the  le- 
■errcur,  and  tecminating  by  an  orifioe  r, 
in  which  a  conical  or  other  tcItc  i,  is 
placed  io  as  to  be  capable  of  efltetuilly 
closing  the  pipe  when  cudi  Talre  is 
drawn  upwards;  (  u  an  adjustable 
weight  fixed  on  to  the  sptndla  trf  the 
valve  (,  by  meant  at  whicn  the  vahre  it 
liept  down  and  open;  aiqr  water  there- 
fore that  is  in  the  eittem  •  win  flow 
down  the  pipe  g  g,  and  escape  at  the 
orifice  r,  lo  long  as  the  nln  remains 
down,  but  the  mittint  it  is  raited  and 
shut,  all  motion  of  the  water  is  tus- 
pended.  Thus  situated,  the  adjustment 
of  the  weight  t  must  take  plaw,  and  by 
adding  to  or  subtracting  Itam  it,  it  must 
be  made  just  mi  heavy  as  to  be  capable 
of  sinking  or  forcing  its  way  down* 
wards,  agunst  the  upward  preasnre  of 
the  w^er,  the  force  of  whim  will  d^ 
pend  upon  the  pentendioular  distance 
from  the  snTfaoe  of  the  water  in  o,  to 
Hm  point  of  discharge  at  r,  (icpmented 
Iff  vu  dotted  iim  0  r).    But  tha  wain 


by  moTing  acquu 
new  force,  and  consequoitly  it  no 
longereqnal  tothecolnmn  cv,  to  which 
the  valve  hat  been  ac^ntted.  bat  is  sn- 
perior  to  it,  by  which  it  is  enabled  to 
overpower  the  lenstanoe  of  the  weight 
I,  and  it  eairiea  the  valve  np  with  it, 
and  closes  the  orifloe  r.  Tbim  is  no 
soonef  done  than  the  water  ti  eo» 
strained  to  beoome  ttttionaiT  again,  by 
which  the  momenlnm  is  loat,  and  toe 
valve  and  weight  onae  mcM  beeone 
tapericB',  and  hll,  thna  n-openmg  the 
orifice  and  penutliog  the  water  to 
move  again;  and  as  the  prestnre  of  the 
water  ud  the  weight  <rf  the  valve  cadi 
become  allemately  superior,  the  vahre 
is  kept  in  a  eonatant  state  of  vibration, 
or  of  opening  and  shutting  without  any 
external  aid  whatever.  Such  is  the 
principle  upon  which  the  motion  of  the 
water  in  the  pipe  $  f  is  prodnocd :  but 
the  momentum  generated  cannot  be 
instantljr  annihilated;  and  it  b  not  only 
of  sufficient  power  to  raise  tha  valve  r, 
bat  likewise  to  bant  open  the  lower 
cod  of  the  pipe  « tf,  unlets  n  sufficient 
vent  be  provided  by  vriiicli  this  aocn- 
molaled  force  can  escape.  Accord- 
io^  ft  tMae&  vitm  « ia  ^^aoad  aour  the 
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Jowarendofthepqpe^g.andiiinadeto  is  six  feet  higher  at  one  end  than  at 
open  upwards  into  an  air-vessel,  hav*  the  other,  the  six  feet  only  are  to  be 
mg  a  discharging  piperr;  and  conse-  regarded  as  the  height  to  which  the 
qnently  whenever  the  valve  #  is  dosed,  water  must  be  raised,  and  the  100  feet 
the  water,  which  otherwise  would  liave  may  be  disr^arded,  except  so  &r  as  it 
flowed  from  the  orifice  r,  now  opens  produces  friction  detrimental  to  the 
the  valve  u  and  enters  the  air-vessd,  motion  of  the  water.  The  height  of  a 
until  the  spring  of  the  contained  air  lift  of  water  must  be  taken  from  the 
overcomes  the  gradually  decreasing  surface  of  the  water  which  is  to  be 
force  of  the  momentum,  when  the  valve  lifted  to  the  surface  of  the  cistern,  or 
u  closes,  and  that  at  s  opens  to  permit  reservoir,  or  end  of  the  pipe  that  is  to 
the  water  to  make  a  second  blow  or  receive  or  deliver  it,  and  not  from  the 
pulsation,  and  in  this  way  the  action  bottomof  the  suction-pipe,  because  that 
of  the  machine  continues  unceasingly  pipe  may  descend  any  distance  below  the 
without  any  external  aid  so  lon^  as  it  surface  of  the  water  to  be  raised  with- 
is  supplied  with  water  and  remains  in  out  affecting  the  measurement,  since 
repair.  A  small  running  stream  is  the  water  will  always  rise  to  its  own 
necessary  for  this  machme,  as  the  level  within  that  pipe,  without  the  aid 
water  at  o  should  be  kept  at  one  con-  of  any  exertion  of  force  by  the  pump, 
stant  elevation  to  insure  the  perfection  Be  careftil,  likewise,  to  introduce  no 
of  its  action.  A  much  greater  quantity  right-angled  or  short  turns  into  pipes, 
of  water  likewise  escapes  at  the  orifice  if  they  can  be  avoided ;  but  let  eveiy 
r,  between  the  pulsations,  than  can  be  such  turn  be  a  regular  curved  sweep, 
raised  in  the  dehvering  pipe  rr,particu-  and  the  larger  and  more  regular  that 
larly  if  it  extends  to  any  considerable  sweep  is  miuie,  the  less  impediment  it 
height,  for  the  comparative  quantity  of  will  offer  to  the  passagje  of  the  water, 
water  discharg^l  through  x,  and  per-  In  order  to  determine  the  force  or 
mitted  to  run  to  waste  at  r,  must  al-  power  necessary  to  work  a  pump  of  any 
ways  depend  upon  the  respective  per-  description,  the  heieht  to  which  the 
pendicnlar  heights  of  the  pressing  water  is  to  be  raised  must  always  be 
column  o  v,  and  the  delivered  or  resist-  taken  into  account;  for,  according  to 
Jig  column  u  x,  and  the  rapidity  of  the  what  has  been  before  stated,  (col.  i.  page 
pulsations  will  likewise  depend  on  the  11),  this  height  multiplied  into  the  area 
tame  circumstances.  A  very  insignifi-  of  the  piston,  and  reduced  to  any  of  the 
tant  pressing  eolumn  o  v  is  capaSe  of  usual  denominations  of  weight,  will  give 
laising  a  very  high  ascending  column  u  .the  amount  of  resistance  to  be  over- 
r,  so  that  a  sufficient  frdl  of  water  may  come  (friction  of  the  pump  only  ex- 
be  obtained  in  almost  every  running  cepted).  The  size  of  the  pipe  contain- 
brook,  by  damming  up  its  upper  end  to  ing  the  water  is  quite  immaterial,  as 
produce  the  reservoir  0,  and  carrying  the  before  noticed,  provided  it  be  large 
pipes  q  q  down  the  natural  channel  of  enough  to  prevent  friction  and  unna- 
the  stream  until  a  sufficient  SblU  be  ob-  tund  velocity  in  the  water ;  and  the 
tabled,  for  a  considerable  length  of  entire  perpendicular  height  from  the 
descending  pipes  frt>m  o  to  r  is  neces-  sur&ce  of  the  water  raised  to  Uie  point 
saiy  to  insure  the  certain  effect  of  the  where  it  is  delivered,  whether  occupied 
machine,  since,  if  the  colmnn  qqis  not  by  suction  or  feeding-pipe,  or  deliver- 
of  sufficient  length,  its  water  will  be  ing-pipe  fi^m  a  fore.ing-pump,  must  be 
thrown  back  into  the  reservoir,  instead  tuided  together  and  considered  as  the 
of  entering  the  air-vessel,  which  re-  height  of  the  lift :  so  that  if  a  lift  and 

auires  to  be  replenished  with  air,  and  force-pump  of  four  inches  in  diameter 
lis  is  admitted  into  it  by  tiie  self-act-  in  the  worldn^-barrel,  has  ten  feet  of 
ing  shifting  valve,  shown  at  6  in  the  three-inch  suction-pipe  below  its  piston, 
shaded  part  of  (Jig.  16),  which  is  an  en-  and  twenty  fr^st  of  two-inch  delivering- 
larged  view  of  the  air-vessel  in  an  im-  pipe  (including  the  length  of  the  work- 
proved  form ;  its  valve  is  made  by  a  ball  mg-barrel)  above  it,  the  column  to  be 
at  a,  having  a  metal  bridle  over  it  to  hfted  will  be  equal  to  thirty  feet  of  four- 
prevent  its  rising  too  high.  inch-pipe  filled  with  water.    Thie  con- 
In  taking  the  height  to  which  water  tents  in  gallons  of  thirty  feet  of  four- 
is  to  be  raSed  by  a  pump,  perjmukeU'  inch-pipe  must  therefore  be  found,  and 
lor  height  alone  is  to  be  regarded,  and  as  each  Imp.  gallon  of  wat«x  h(«^% 
not  lateral  extension,  because   fluids  10  lbs.  avoVm\ipov&«  >i^<^  "w^x^X.  ^x  VaAl 
press  Booordiog  to  their  peipendieular  upon  the  puinp  n«\^  \^  Vckov*^^^ 
height    ThoM,  H  n  pipe  100  ftet  long  foundAoifYuchm>u^>a^%dA<tti^tc^Ta 
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tenth  to  one-sixth,  ftecordiB|;  to  the  oon^ 
•tniction  of  the  pump  for  friction.  The 
load  upon  an  exoentiie  or  any  other 
pump  ma^  be  found  by  the  same  rule  if 
the  effective  horisontal  area  of  the  pis- 
ton, or  its  substitute,  be  found,  and  this 
be  in  like  manner  multiplied  into  the 
height  of  the  lift.  It  therefore  becomes 
important  to  know  the  weight  and 
quantity  of  watar  which  a  certain 
length  of  pipe  of  any  given  diameter 
will  contain,  and  a  tolerably  dose  ap« 
proximation  to  this  may  be  obtained  by 
squaring  the  diameter  of  any  pipe  in 
inches,  and  cutting  off  the  last  figure 
of  the  product  by  a  decimal  point,  which 
will  nearly  give  the  contents  in  ale  gal- 
lons of  one  yard  in  length  of  such  pipe. 
Thus,  for  example,  if  a  pipe  is  six 
inches  in  diameter,  6  times  6  make  36» 
and  introducing  the  decimal  point 
would  reduce  this  number  to  3.6,  so 
that  one  yard  of  such  pipe  would  con« 
tain  three  gallons  and  six-tenths.  If  a 
three-inch  pipe  had  been  taken,  thm 
3x3=9;  consequently,  there  remains 
but  one  figure  to  cut  off.  The  gallons' 
place  must  therefore  be  suppli«l  by  a 
cipher,  thus  0.9,  and  the  ym  of  such 
pipe  would  contain  but  nine-tenths  of  a 
gallon. 

For  greater  certainty,  however,  the 
following  table  and  rules  are  intro- 
duced. They  are  extracted  firom  "  Brun- 
ton's  Compendium  of  Mechanics  ;**  a 
recent  little  work,  published  at  Glas- 
gow; and  which  is  so  replete  with  use- 
fiil  information,  that  no  working  me- 
chanic should  be  without  it 


TABLE 

Of  the  contents  of  a  pipe 

one  inch  dia 

meter  for  any  reijuired  height. 

1 

P«et 

Quantitj  in 

Weishtln 

Gallmu, 

high. 

1 

C«b.ln. 

1  ATnr.Ox. 

1  WlM  Uea.  1 

9.43 

5Af\ 

0.0107 

3 

18.85 

1U.93 

.0816 

3 

28.27 

ii;.38 

.1331 

4 

37.70 

31.85 

.1633 

5 

47.  li 

2;.31 

.2040 

6 

56.55 

32.77 

.3483 

t;5.97 

38.33 

.3448 

H 

75.40 

43.69 

.8264 

9 

84.83 

49.  Mi 

.3671 

10 

9i.-'5 

54.63 

.4080 

80 

188.49 

109.24 

.8160 

30 

2.-<3.74 

ir>3.86 

1.8840 

40 

376.99 

318.47 

1.6300 

50 

471.24 

273.09 

8.0100 

60 

565.49 

337.71 

3.4480 

70 

639.73 

382.33 

8.8560 

80 

733.98 

436.95 

3.3t>40 

i 

90 

848. S3 

491.57 

3.6700 

fjoo  / 

942  43 

546.19 

4.oeoo 

El 

IS84.96 

1092.83 

8.1600 

Although  tlie  aboin  Tfi(b1a  wilEf  lifii 
the  eonte^  of  a  pipe  one  iiieb  in  £a» 
meter,  it  will  serve  u  ft  standard  for 
pipes  of  any  other  siia»  by  obeenring 
tlie  following 

RuLx.— Multiply  the  numbers  fbuiid 
in  the  table  afj^nst  any  height,  by  the 
square  of  the  diameter  of  the  pipe,  and 
the  product  will  be  the  number  of  cubie 
inchiea,  avoirdupois  ounces,  and  vrini 
gallons  of  water,  that  the  given  p^e 
will  contain. 

ExAMPLs.—How  many  wine  gal- 
lons of  water  are  contained  in  a  pipe 
six  inches  diameter,  and  sixty  net 
long? 

2.4480x36-88.1280  wine  galloDS. 

The  wine  gallon  contains  331  cubiit 
inches,  and  the  new  imperial  gtUoe 
277.274  eabk  inches ;  therefore,  to  re- 
duce the  wine  to  the  unperiel  gaUon 
divide  by  1.20032;  and  for  a  lUce  re- 
duction  of  the  ale  gidloo,  wUoh  contuoi 
282  euhic  indies,  divide  by  0.98324. 

CRAprmillL 

0/Uu  Faroe  and  Power  to  be  derivm 
from  Fhiidi  in  MoHon. 

Htdbaoligs  contemplatee  not  only  the 
construction  and  action  of  maehines 
for  raising  water  above  ita  level,  such 
as  those  tliat  have  been  last  described : 
but  likewise  the  means  by  which  motion 
and  power  may  be  obtained  from  the 
motion  and  other  properties  of  fluids. 
Accordin^y  a  Imef  examination  of  tlie 
various  mm  or  water-wheela  and  other 
contrivances,  by  which  motion  is  given 
to  machinery,  will  form  the  conclusion 
of  the  present  essay. 

Motion  is  generally  obtained  from 
water,  either  b^  exposing  obstacles  to 
the  action  of  its  cuxrenC  as  in  water- 
wheels,  or  bv  arresting  its  progress 
in  movable  buckets  or  receptacles 
which  retain  it  during  ft  pvt  of  the 
progress  of  its  descent  llius,  if  we 
suppose  the  action  of  the  Persian 
wheel  shown  at^.  4,  to  be  the  reverse 
of  what  it  has  been  deseribed  to  h^ 
viz.  that  instead  of  the  buckets  nop 
receiving  their  water  from  the  stream 
rr,  and  delivering  it  into  the  elevated 
cistern  t,  we  imagine  the  cistern  «  to 
be  supplied  by  the  stream,  and  that  the 
several  buckets  o  oo  n  shall  become 
filled  with  water  instead  of  emptied  by 
passing  the  cistern  «,  the  side  o  o  o  o( 
the  wheel  will  become  heavier  by  the 
weight  of  all  the  water  tint  the  buckets 
eoti\Aiai,  \iuBXk  VSoa  o^s^MB&a  «dA  ^  q,  ia 
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•■pty.  Ikt  aamqaraM  of  ttua 
»  uikt  tha  wIimI  mU  nrolTe  in 
notion  of  the  Isttcnp  o  «,  ud  if 
ookit*  9  9  ura  fiUod  m  tbej  set 

top,  and  thoM  at  o  n  emptied  dj 

eontriTaaoe  when  the^  teach  the 
B,  the  motion  of  luch  *  wheel 
e  eontinuoiu ;  end  it  will  revolve 
1  force  and  vdofli^  dependent  on 
reight  of  the  buoketi  of  water, 
distance  from  the  centre,  and  the 
ty  with  which  they  are  filled :  in 
tuoh  ui  BTTMgement  ii  a  vor 

approxiination  to  what  la  ealled 
m-ehot  water-wheel,  which  will 
Mently  deioribed. 
itr-wAmit  have  three  denomiaft- 

depending  on  their  own  pattioa* 
utruction,  on  the  maimer  in  whidt 
ire  set  or  uied,  and  on  the  mi 
ieh  the  water  ia  nude  to  aet  i . 
;  but  all  water-whaeli  oontiit  in 
ion  of  a  hollow  cylinder  or  dmin 
in^  on  a  oentrkl  axle  or  tpindlo 
ik'hich  the  power  to  be  uied  it  com- 
»ted,  while  their  exterior  lurlaoa 
ered  with  vane*,  float-boardt,  or 
ta,  upon  which  the  water  ii  to  aet 
fig.  17  ie  a  aide  view  of  an  under- 
tide,  or  atream  wheel,  which  wae 


SIM  or  tlu  otlur  rida  of  iti  float-board*, 
whieh  renden  it  partieularly  applicable 
to  tide-rirera,  wb«e  the  outrent  is  lome- 
timea  miming  in  one  direction,  and  at 
othen  in  an  opposite  eoune.  There  are 
howercr  some  praetical  dieulvantages 
attandant  upon  uiia  form  of  wheel,  piuti. 
oulariy  when  made  of  imall  diameter : 
fbrif  the  float-boarda  stand  rftdianQy 
round  it,  or  pointing  to  the  centre,  as  a 
b  edt,  although  the  central  floats  bed 
■land  in  good  positioTiB  to  produce  the 
grssteat  rasct,  oeing  all  nearly  at  rigiit 
angles  to  the  direction  in  which  the 
WBt«r  movei,  yet  the  float  a  enten  the 
watv  so  obliquely  a*  to  meet  with  great 
Miietanoe  to  iti  passage,  at  the  tame  time 
that  tha  retiring  float  *  leaves  the  water 
'  OSS  that  are  equally 
in  beiiw  oblued  to 
p  a  poiSon  of  water 
it,  which  tends  very  materially  to 
retard  the  motion  and  impede  the  power. 
This  amtears  to  be  partly  obviided  by 
giving  the  float-boards  a  different  figure, 
or  placing  them  so  aa  not  to  point  to 
the  centre  irf  the  wheel,  as  shown  st/g. 
•.  In  this  case,  the  aioending  float- 
board/is  nearly  at  right  aiucle*  to  the 
wat9  at  the  time  of  leaving  It,  and  rises 
almost  perpendicularly  out  of  it,  being 
thus  plaoMi  In  a  much  more  beneficiaj 
poittion  than  in  the  last  figure.  But, 
althou^  the  retiring  float  is  thus  im- 
proved, the  entering  onec  is  much  more 


will  come  down  almost  parallel  to  the 
Jig.  IS. 


oost  common  and  ii  by  ftr  the 
:  construction  in  uaa.  Aa  thl*  kiiv) 
leel  requires  no  other  Ul  in  the 

than  thstwhioh  is  neoessaiy  to 
ice  a  rapid  progresnve  motion  In 
d  as  it  acts  chidly  bf  the  momsn* 
of  the  water,  its  poshiva  weight 

scarcely  caOed  at  all  bto  aetian,  nrfkee  of  the  wato-,  and  thna  the  ad- 
ml^  fit  to  be  used  when  then  is  vantage  that  is  gained  at  one  side  of  tha 
fiision  of  watv  always  in  motion,  wheal  it  lost  at  ue  other.  It  does  how- 
showeverthe  advantage  of  being  ever  M>pear  that  there  is  a  small  practi- 
leapest  of  all  water-wbeela ;  and  as  oal  advantage  in  giTing  the  float-WanU 
s  not  require  a  yaty  considarabla  ft  alight  ioeluution  fSnnn  the  centre,  but 
r  water,  it  is  more  ^pUcahle  to  it  must  not  be  carried  by  any  meana  ao 
I  in  thur  natural  stats  than  any    br  as  shown  in  the  above  figure. 

form.    H  likewiN  works  sqiia%       Aa  aotiaa  bs&  i«-«c^ks&  m  i^Kvvp 
ifbatber  tb»  wMr  «st>  upov  wa   wiit  but  i&  wmIO[«i  tiawtoi^  <A 
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Gonne  it  U  the  taam  ttinir  friietho-  the  duoe  nuidi  gmte-  ptwwfwHh  ft  i 
power  of  the  moTuiR  water  be  appbed  leMnim^of  wilvthuittie  '" 
tothefloat-boanbofawheelwhichre-  wheel  iinaij  dMcrib«d.  ] 
volves  in  a  fixed  biukling,  or  whether  wheeli  however  nquiie  a  c 
tjir  eitnneoui  fiuve  tie  applied  to  the  £U1  m  the  ■treem  upon  whiclt  the^  m 
axu  of  a  wheel  to  cauw  it  to  move  in  plBced,  end  coneeqacatlf  dastroT  it  Cv 
itill  weter :  in  the  fint  cue  the  power  the  purpoeee  of  OKvigatioii,  unlcM  Hvi 
of  the  water  will  be  tratufared  to  the  ingeniout  Hydrvilie  cmtriTmnea  the 
axle  of  the  wheel,  and  u  ^iplieable  to  Canal  Lock  \m  rewrted  to.  by  mem  «l 
the  driving  or  moving  of  machinoy ;  which  tiargM  or  veeadi  cf  KOj  impB- 
while,  in  the  eecond  case,  the  power  mi-  tude  nuqr  w  tnuuptntat  fiom  OM  loid 
plied  to  the  axle  will  be  reaited  hj  the  to  enolha-  without  difficult,  and  willi 
(jnieicent  water,  and  will  be  converted  voylittle  loea  of  time.  Toe  OtMr-tkat 
into  to  much  power  &x  moving  the  Water-Whetl,  which  of  all  otfaas  giiw 
building  or  boot  in  which  the  wlMclii  the  greateatpowo- with  the  leuteo^eBM 
placed ;  end  upon  thii  piincipk  dependa  of  water,  requiiea  a  bQ  in  the  itrani 
the  action  of  those  iteam-boata  wbieh  equal  to  rather  more  than  its  ow&  &• 
are  impelled  through  the  wata  by  nietcr,  therefore  it  ia  cuatomuj  to  gin 
means  of  woter-wheela  driven  round  Vf  thii  deKription  <tf  wheel  a  jpntMC 
the  power  of  Bteam-enginea  i^Ued  to  length  in  proportion  to  its  hogfat  than  ii 
their  axlea,  instead  of  permittmg  tho  pven  to  any  other,  bj  which  an  equal- 
water  to  move  the  float-boarda  and  itf  of  power  i*  obtained.  Id  the  cod- 
transfer  its  power  to  the  axil.  aouction  of  the  over-ihot  wheel  a  hol- 
Whenever  the  weight  and  motion  of  ktw  cyiinda-  or  drmn  that  is  imperviooi 
water  can  be  made  use  o^  ai  well  ai  ita  to  watn  is  fint  pnpand,  and  hung 
momentum,  much  greater  efitetacanba  upon  a  props'  central  axis.  A  numbs 
produced  than  the  Isst  described  ma-  or  narrow  troughs,  or  cella,  generaUf 
chine  is  c^Hible  of,  and  with  a  much  foimedofthinplateaof metal,exteDding 
less  lavish  expenditure  of  the  fluid,  ibr  from  one  end  of  the  drum  to  the  other, 
then  its  utmost  powers  of  action  are  are  next  fixed  round  the  outade  of  the 
brought  into  play  at  once ;  and  accord-  wheel  so  as  to  ^ve  a  tTaiuverae  aection 
itigly  those  water-wheels  that  an  dis-  throng  the  middle  i^  the  wheel,  the 
tii^uished  by  the  -aaxatM  of  breast-  appearance  shown  at  j^.  19.  The 
srtwela,  and  over-shot  wheels,  will  pro-  water  ii  conducted  by  a  lerel  trough  of 


/ 

■^"-   4 

^i£ 

^9 

B 

w 

fc 

^w 

1 

f 

Ih 

£ 

^«P 

1 

the  same  width  as  the  wheel  over  ita  contents  into  the  tail-stream  as,  wfana 

top,  Bs  at  A  t,  and  is  discharged  into  the  the  water  nini  to  waste.    The  burets 

buckets  or  cells  placed  round  the  wheel  on  the  opposite  side  n  of  the  whedde- 

to  receive  it,  as  at  A  < ;  from  the  parti-  seend  witti  their  mouths  downwards,  and 

cular  fbirn  of  these  buckets  they  retain  thus  remain  empty,  until  th^  anin 

tiie  water  thus  thrown  into  them,  until  tmder  the  end  a  of  the  watn'-trou^ 

by  their  motion  thev  descend  towsids,  to  be  refilled ;  at  h  there  ia  a  peiHto^ 

the  point  t,  when  tneir  mouths  bcin^  or  sluice  for  regulating  (he  qnanti^of 

tamed  downwinii  they  diidaarga  tbaat  mtei  •x&'^tmaiost'wwtetVnnk.VQH 


HTORATTUCS.  St 

dto  dow  too  i^iidlf,  vhed  will  prodaee  double  ttw  effeet  of 
,  h  out  of  the  bndnta  nev  the  under-ihot 
d<rffflUiigthan,  and  wtraU  run  Ttte  Brmut  Wfud  b  by  br  the  moit 
ovwB  tivcr  the  mAee  of  the  wheel  conunon ;  and  may  be  c(»uidered  aa  a 
without  prodneiiig  it*  proper  effect  mean  between  the  two  vuietiee  before 
lb  nrereatthie  the  water  useldoiti  per-  meDtioned.  In  this,  thewater,  instead 
mitfed  to  nminoDthe  wheelm  aatraam  of  pttsniw  over  the  top  of  the  wheel,  or 
of  uon  than  from  half  an  inch  to  an  entmly  beneath  it,  is  delivered  about 
indi  in  thickness,  and  when  well  regn-  halfway  up  it,  or  rather  below  the  lerel 
latcd  titere  ia  icaroely  a  drop  of  water  of  the  axig,  and  the  race  or  brickwork 
iDcflMnally  wasted.  The  oycr-ahot  upon  which  the  water  descends  is  built 
"hwl  0»«wtoi«  acts  by  the  gnvity  or  in  a  circular  form,  havinjr  the  same 
weight  of  the  water  contained  in  the  common  centre  with  the  wheel  itself 
twMMwtifnr  nearly  one -third  of  its  ar-  so  aa  to  make  it  paralld  to  the  exterior 
oumferenee,  and  from  the  experiments  edges  of  the  flat-boards  or  extreme  dr- 
of  Mr.  Smnton,  which  were  made  with  cumference  of  the  wheel.  This  con- 
pert  aeema^,  it  qipears  tbat  the  di-  struction  is  shown  at  fig,  20,  where 
iMMons,  quantity  of  water,  and  baiefat  ofigisa  side-view  of  awheel,  formed 
of  Ul.beii^  the  satne,  the  orer-shot  with  float-boards  in  the  ssme  manner  as 


the  undcr-shgt  wbed ;  but  instead  of  the 
water  acting  v^ok  its  lower  part  q,  it  is 
introduced  i^on  it  atp,  by  the  sluice  or 
penstock  r,  which,  by  rising  or  blling, 
pennita  a  greater  or  leia  quantity  of 
water  to  act  on  the  wheel :  and  as  the 
Boat-boards  are  made  to  fit  aa  accu- 
rately as  possible  without  contact,  into 
the  circular  hollow  *  ( of  tniekwoik,  no 
water  can  escape  past  the  whed  with- 
out ^oduring  its  proportianate  eflbct 

'iax.  Smeaton  makes  no  obsemtions 
□n  the  nature  of  Breast  Wheds  in  his 
Tsluable  Peters,*  except  to  state  that 
all  wheels  by  which  the  wato-  ia  pre- 
vented flxim  descending,  unless  the 
wheel  mores  therewith,  are  to  be  const- 
deied  of  the  nitore  of  orcr-diot  wheels, 
having  power  in  proportion  to  the  per- 
pen^enlar  hei^t  from  which  the  mtcr 
descends  ;  wMe  dl  those  that  receive 
the  impulse  or  shock  of  the  water, 
whether  in  an  horisontal,  perpendicular 


or  obUque  direction,  are  to  be  considered 
aaunder-shots.Thebreastwheel  is  nearly 
allied  to  the  over-shot:  for  notwithstand- 
ing it  has  only  float-boards  instead  of 
buckets,  yet  as  the  mill  course  is  made 
concentric  to  the  outside  of  the  wheel, 
andi*  not  only  there,  -  but  at  the  two 
udes,  made  as  close  as  convenient,  so 
as  to  prevent  the  escape  of  water  as 
efitotually  as  possible,  the  spaces  be- 
tween one  float-board  and  another  be- 
come buckets  for  the  time  beine  and 
retain  the  water,  and  thus  the  breast 
wheel  is  not  only  impelled  l>y  the  we^t 
of  water,  but  by  its  unpetus  or  momen- 
tum also,  for  the  water  is  lo  confined 
as  to  be  incapable  of  splashing  or  being 
lost,  and  consequently  its  moving  force 
may  be  eierted  to  great  advantage. 
Notwithstanding  tlus  apparent  supeno 
ity,  still  the  breast  wheel  is.  in  effect. 


vastly  inCerior  to  the  over-shot  wheel, 
not  only  on  account  of  the  smaller 
height  at  which  the  water  is  supplied, 
Mrti^  but  from  the  waste  with  which  it  mw* 
alwayabeettenii(&,  CsmMn^  (sac^xmI- 
itSDMi  ot  ttw  nmX  VU^  'voteoaMi.- 
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iihip.  VnieBwdleonfltrosMtiideloaB-  natural  itate  of  (be  wnto'vor*  pwh  at 
ly  built  in,  its  effect,  according  to  Mr.  might  produce  a  tailing  of  flrom  twehre 
Smeaton,  should  be  the  same  as  an  to  eighteen  inches  ¥riuont  thia  aa^it* 
under-shot  wheel,  whose  head  of  water  anoe«  And  sinee  the  tailing  ot  nuU- 
is  equal  to  the  (Ufference  of  level  be-  streams  onljr  occurs  in  the  wintw  aea« 
tween  the  surface  of  the  stream  and  the  aona,  (nr  at  times  when  there  ia  a  nrofii 
point  where  it  strikes  the  wheel,  added  sion  of  water,  so  the  ouantity  tnat  ia 
to  the  effect  of  an  over-shot  wheel,  thus  thrown  away  without  operatiitt 
whose  height  is  equal  to  the  distance  upon  the  wheel  can  be  spared  withoiu 
from  the  striking  point,  to  the  taU-wa-  inconvenience.  Each  of  the  draina  or 
ter  of  the  mill,  or  that  which  runs  to  tunnels  is  ftumished  with  a  sluioe«gate 
waste.  This  is  however  on  the  pre-  or  penstock  at  its  upper  end,  by  which 
sumption  that  the  wheel  receives  the  the  quantity  and  impetus  of  thke  water 
impulse  of  the  water  at  right  angles  to  can  be  regulated  at  pleaauve,  or  the 
its  radii,  and  that  every  uiing  is  con-  whole  be  shut  off  whenever  waisr  b«p- 
structed  to  the  best  advanti^.  In  prao-  pens  to  be  scaree. 
tice  it  is  found  that  the  Breast  wheel  The  three  varieties  of  wate-wtaesit 
just  consumes  about  double  the  quan-  already  noticed  are  the  only  onee  geiie- 
tity  of  water  that  the  over-shot  wheel  rally  admitted  into  practiqei  and  tbv 
requires,  to  do  the  same  quantity  of  do  not  admit  of  much  improvement, 
work,  when  all  things  are  alike,  that  ainee  their  principles  must  always  re- 
is  to  say,  the  diamet^  and  breadth  of  main  the  same.  The  over-shot  wheel 
the  wheel,  number  of  float-bqards,  &c.,  has,  pertiaps,  been  brought  nearer  to 
though  from  theory  and  caloulation  it  perfeotion  than  any  of  the  others,  by  the 
should  do  rather  more ;  for  Lambert  ai^  contrivance  of  Peter  Nouaille,  £sq^ 
others  who  have  writtcoi  on  this  subject  who,  in  a  mill  that  he  has  near  Seven 
attempt  to  demonstrate,  that  the  power  Oaks,  in  Kent,  has  caused  the  water  to 
of  the  over-shot  to  that  of  the  breast  revert  back  again  from  the  top  of  the 
wheel  is  as  thirteen  to  five ;  but  this  is  wheel,  instead  of  passing  over  it,  ud 
upon  a  supposition  that  no  water  escapes  in  this  way  a  mucn  greater  portion  oi 
ineffectually  which  is  utterly  impossible  the  circumference  of  the  wheel  is  brought 
in  practice.  into  action  than  is  generally  the  case. 
In  order  to  permit  any  of  the  above  Other  improvements  or  variiuions  in  the 
wheels  to  work  with  freedom*  and  to  the  ftmn  and  oonstniotion  of  water-wheels, 
greatest  advantage,  it  is  absolutely  ne-  have  been  conhived  by  Mr.  Besant,  Mr. 
oessarythatthetail-water,a8itisc8jled.  Smart,  Mr.  Perkins,  and  Qthera,whidi 
or  that  which  is  discharged  from  the  will  be  found  described  in  the  TVoamc- 
bottom  of  the  wheel  after  it  has  pro-  Hom  qf  the  Society  for  the  Enanwag^ 
duced  its  effect,  should  have  an  unin-  tnent  of  Arts^  Afortif/hcftirae,  and  Com- 
terrupted  passage  to  run  away,  for  merce;  the  object  of  them  principal^ 
whenever  this  is  not  the  case,  it  aocu-  bedng  to  obtain  as  much  force  as  pos- 
mulates,  and  forms  a  resistance  to  the  sible  from  the  water,  by  arranging  ths 
float-boards,  and  conseouently  abstracts  forms  of  the  buckets  or  float-boards  in 
considerably  from  the  vdocity  and  power  such  manner  that  thev  may  receive  ths 
of  the  wheel,  sometimes  indeed  to  so  impulse  of,  or  retain  tne  greatest  quan- 
^at  an  extent  as  to  prevent  its  work-  tity  of  water,  which  is  of  great  import- 
mg  altogether.  One  of  the  simplest  ance,  particularly  in  the  construction  of 
and  most  effectual  means  of  removing  under-shot  wheels,  which  ant  by  the 
this  inconvenience  is  by  an  expedient  impulse  of  the  water  alone.  The  over* 
not  much  known  or  pracused,  and  which  dliot  wheel  depends  entirely  on  ths 
consists  of  forming  two  drains  or  tun-  wei£:ht  of  the  water  delivered  into  its 
nels  tlirough  the  brickwork  or  masonry  budgets,  which  ought  therefrare  to  beai 
at  each  side  of  the  water-wheel,  what-  capacious  as  they  can  conveniently  bt 
ever  may  be  its  construction,  so  as  to  made,  not  only  that  thev  may  contain 

Semiit  a  portion  of  the  upper  water  to  as  much  water  as  possible,  but  allow 

ow  down  into  the  tail  or  lower  stream  ample  room  for  the  dischai^  of  the  air 

immediately  in  front  of  the  wheel.    The  that  will  be  thrown  into  them  with  ths 

water  thus  brought  down  with  great  im-  water,  as  well  as  for  the  delivery  of  that 

petuosity  drives  the  tail- water  before  it,  water  when  done  with.  From  the  nature 

m  such  a  manner  as  to  form  a  basin  or  of  a  water-wheel  it  will  be  evident,  that 

hollow  place,  in  which  the  wheel  can  if  it  had  no  work  to  perform  or  resist 

work  free  from  intenruption,  even  if  the  ance  to  overcomei  it  woidd  more  witt 
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tfaa  Mint  tdoeity  m  the  itraam  thftt  fisrwhibh  it  if  intended;  andinthif  caie 
dri¥6t  it ;  while,  on  the  eontniy,  if  it  the  ipeed  muft  be  niied  by  cog-wheels 
WM  loeded  with  a  quantity  of  resiytance  within  the  mill,  which,  on  the  common 
equal  to  the  power  of  the  ytreaoif  it  prinoiples  of  meehanicR,  must  dissipate 
could  not  move  at  all:  hence,  every  the  power  intended  to  be  gained  by  the 
degree  of  resistance  between  these  ex-  magnitude  of  the  water-wheel.  Hence, 
tremet  will  produce  its  proportionate  great  attention  should  be  paid  in  the 
retardation  of  the  wheel ;  ana  from  ao«  conitruction  of  mills,  to  let  the  size  of 
curate  experiments  which  have  been  the  water-wheel  be  well  proportioned 
tried,  it  has  been  determined  that  an  not  onlv  to  the  velocity  of  the  stream, 
undershot  wheel  does  its  maximum  but  to  the  speed  ofthe  work  it  is  required 
quantity  of  work  when  its  ciroiun&r-  to  perform ;  and  this  may  always  be 
enoe  moves  with  between  one-half  and  accomplish^  without  waste  or  differ- 
une-third  of  the  velocity  ofthe  stream  ence  of  power,  by  using  a  wider  wheel 
that  drives  it  The  overshot  wheel  can-  of  small  diameter  where  rapid  speed  is 
not  be  so  influenced  by  the  velocity  of  neeessary*  or  a  narrow  wheel  of  great 
the  water,  because  it  requires  all  its  diameter  when  this  is  not  essential.  In 
buckets  or  cells  to  be  filled  in  sucoes-  every  case  the  full  power  of  a  stream 
uon ;  and  Mr«  Smeaton  has  determined  shoiud  be  taken  advantage  of  in  the  first 
that  the  best  velocity  to  effect  the  above  erection  of  a  mill,  because  it  is  a  trou- 
purpose  is  three  feet  in  a  eecond.  Hav-  l)lesome  and  expensive  operation  to  in- 
ing  therefore  previously  determined  the  oreaae  the  power  of  a  mill  when  oncf 
quantity  of  water  which  the  stream  will  built,  and  power  is  always  valuable, 
deliver  in  a  given  time,  it  becomes  a  Mr.  Banks,  in  his  excellent  Treatise 
matter  of  easy  calculation  to  determine  upon  MiiU,  gives  many  useful  practical 
the  length  and  capacity  of  the  buckets  rules ;  from  amongst  which  the  follow- 
which  shall  be  capable  of  carrying  off  ing  is  selected.  Being  simple,  it  may 
the  whole  of  the  water  at  that  velocity,  prove  useful  for  determining  the  quan- 
flhus,  for  example,  if  the  stream  is  tity[  of  water  that  wiU  flow  through  a 
found  to  deliver  ninety-six  gallons  per  sluice  or  penstock  upon  a  wheel,  with 
second,  and  it  is  determine  to  make  sufficient  accuracy  for  most  purposes, 
the  buckets  on  the  wheel  six  inches  because  the  whole  motion  of  a  stream 
apart  from  one  partition  to  another,  must  not  be  taken  when  it  is  principally 
ajkd  fifteen  inches  deep,  then  six  such  dammed  or  stopped,  and  only  pcmutted 
buckets  wUl  be  contained  in  every  three  to  fiow  through  a  small  orifice  to  pro- 
feet  of  the  wheel ;  therefore  ninety-six  duce  mechanical  effect, 
gallons  must  be  divided  by  six  buclcets,  Rulb. — Measure  the  depth,  from 
which  gives  sixteen  gallons  for  the  con-  the  surface  of  the  water  to  the  centre 
tents  of  each.  It  will  therefore  only  of  the  orifice  of  discharge,  in  feet,  and 
remain  to  be  determined,  how  long  a  extract  the  square  root  of  that  depth : 
vessel  of  six  inches  widie  and  fifteen  multiply  it  by  5.4,  which  will  give  the 
inches  deep  must  be  to  contain  sixteen  velocity  in  feet  per  second,  and  this, 
grallons,  and  this  will  of  course  nve  the  multiplied  by  the  area  of  the  orifice 
necessary  width  of  the  wheel,  while  the  (also  m  feet),  will  give  the  number  of  cu- 
number  of  buckets  must  depend  upon  bio  feet  of  water  wnich  wiU  fiow  through 
the  circumference,  which  is  always  in  a  second.  From  knowing  the  quah- 
limitedby  the  diameter,  being  the  ex-  tity  ofwatcordisehai^^,  and  the  height 
treme  height  (if  necessary)  that  can  be  of  ftll,  not  only  the  size  ofthe  wheel,  but 
obtained  m  the  fall  of  water ;  for  the  its  extent  of  power  may  be  calculated ; 
larger  the  wheel,  the  greater  will  be  for,  in  the  unacrshot  wheel  the  power  is 
the  power  derived  from  it,  provided  to  the  effect  nearly  as  3  : 1 ;  while  in  the 
a  due  velocity  can  be  maintained  at  the  overshot  wheel  it  is  double,  or  as  3  to  2. 
saxnetime;  because  the  power  of  water  In  the  connexion  of  the  work  to  be 
onwheelsisdirectly  as  the  height  it  falls  performed  with  a  water-wheel,  some 
through.  The  power  of  every  wheel,  attention  is  necessary  to  mechanical 
of  course,  depends  upon  the  quantity  of  principles,  which  are  fi^quently  grossly 
water  thrown  upon  it,  and  the  height  n^lected;  and  it  is  on  this  account 
from  which  it  has  to  fUl ;  but  as  every  that  the  teeth  or  cogs  of  wheels,  or  even 
bucket  must  be  filled,  or  every  float-  shafts  themselves,  are  broken,  through 
board  struck  by  the  water  in  succession,  the  unnecessary  strain  that  may,  by  this 
so,  of  course,  if  the  wheel  is  too  large,  means,  be  thrown  upon  them.  It  is  wdi 
U  vffll  moYa  too  slowly  for  the  purpose  known  thatthe  pendulum,  when  swin^ 
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ing,  has  but  one  po&it  in  whidi  its  whole  rim  exists  on  both  sidst  of  fStm  onliib 

moving  force  is  concentrated,  and  which  when  the  new  prodnet  may  be  eanM 

point  must  be  stooped,  if  it  is  required  out  Next,  the  weiffht  of  the  anna  callel 

to  make  the  penaulum  stop  instantly.  A,  must  be  multij^ied  bv  the  square  of 

in  a  completely  dead  manner,  or  with-  the  radius,  and  be  doubled  and  caniel 

out  communieating  vibration  or  a  strain  out  as  before.    Then  the  wog^of  the 

on  any  one  part,  in  particular.    This  water  in  action  called  W,  must  be  mnl- 

point  IS  called  its  centre  of  oscillation,  tipfied  in  like  manner  and  caxried  oat» 

So  likewise  in  a  stick  or  sword:  if  it  is  without   doublin§[,  because  the  wator 

desired  to  strike  the  most  powerful  only  acts  on  one  side  of  the  wheeL  Thn 

blow  that  can  be  given  by  such  a  wea-  double  the  weight  of  the  rim  and  the 

pon,  it  must  not  t^  made  with  the  point  arms,  and  addtheweight  of  the  water  to 

nor  near  Uie  hand,  but  at  a  certain  dis-  them,  which  will  give  a  sum  by  which 

tance  between  the  two,  where  the  point  the  sum  of  the  fonner  produeta  earned 

of  percussion  exists ;  and  this,  if  the  out  are  to  be  dirided ;  and  the  aqnaie 

stick  is  of  equal  size  and  weight  through-  root  of  the  quotient  so  obtained,  wdl  be 

out,  will  be  at  two-thirds  of  its  length  the  radius  of  the  drdeof  gyration,  or 

from  the  centre  upon  which  it  turns,  or  circle  of  greatest  power;   smd  outtiqg 

the  hand  that  wields  it ;  but  if  it  t^>ers,  down  the  roregoing  qperaidona  in  ngore^ 

or  l)ecomes  lighter  at  Uie  end,  the  point  they  will  assume  the  following  Ifaim  :-^ 

of  percussion  will  be  moved  nearer  to  R  =4  Tons  x  12*= 576  x  2=  1 168 

the  hand.    The  same  reasoning  applies  A  =2  Tonsx  12*=288x2=s  576 

to  water-wheels,  and  indeed  to  aU  other  W=2  Tonsx  12*=.  .:  .  .  •  .  888 
wheels  and  bodies  in  circular  motion ;  2015 

for  if  such  awheel  had  no  rim  or  peri-  2v44-g4.g=-¥r'  *  ***• 

phery,  its  arms  mijght  be  considered  as  so  x^t-js-t-ac       ig 

many  sticks  whirlmg  round  one  common  the  square  root  of  which,  11.885  fteU 

centre.    But  having  such  a  rim,  which  inU  be  the  radius  of  the  code  of  gyra- 

is  of  considerable  weight  in  respect  tion.    The  heavier  the  rim  and  load  of 

to  the  arms,  the  point  of  percussion,  or  water  are  in  respect  to  the  arms,  the 

of  greatest  effect,  (which,  in  revolving  nearer  will  this  circle  coincide  with  the 

bodies,  is  called  the  centre  0/ gyration^  size  of  the  wheel ;  while,  if  tlMy  sit 

will  be  moved  further  from  the  centre  light,  it  will  approach  nearer  the  centre: 

io  near  the  external  weight  or  rim ;  and  but  power  may  always  be  safely  derived 

si  the  circle  described  by  these  points  fh>m  a  water-wheel,  at  about  one-fourth 

should  the  power  be  taken,  in  order  to  of  the  radius  from  the  cireumfmnoe. 
equalize  the  strain  upon  everj  part  of       The  power  from  a  water-wheel  ought 

the  water-wheel  as  well  as  its  shafL  likewise  to  be  taken  as  neariy  aa  pos- 

Placing  cogs,  therefore,  on  one  of  the  sible  at  the  point  that  is  opposite  to 

rings  of  awater-wheel,  or  using  a  driving  where  the  water  is  producing  its  greatest 

wheel  of  the  same  diameter  as  itself,  is  action  upon  the  wheel;  otherwise  a  great 

an  injudicious  application,  as  thereby  and,  in  some  cases,  very  unequal  straio 

the  natural  momentum  of  the  wheel  wiU  will  be  thrown  upon  mffierent  parts  of 

be  considerably  checked ;   and,  on  the  its  shafts  and  bearings,  and  such  a  one 

contrary,  if  too  small  a  driving  wheel  as,  if  it  does  not  cause  their  fracture, 

is  used  upon  the  water-wheel  shaft,  will  require   unnecessary  strength  in 

the  outside  of  the  water-wheel  will  have  them,  and  cannot  &il  to  produce  vrasie 

a  constant  tendency  to  run  frister  than  and  unequal  wear  of  the  brasses  or  other 

its  central  part,  which  will  be  very  likely  bearings  upon  which  they  are  supported, 

to  break  its  shaft.  Thus,  for  example :  let  it  be  suppcoed 

To  ascertain  the  circle  of  gyration  in  that  the  power  is  communicated  from 

a  water-wheel,  its  radius  must  be  taken,  an  undersnot-wheel,  as  at  (fyr.  1 7.)  by 

and  the  weight  of  its  arms,  rim,  shroud-  a  toothed- wheel,  or  pinion,  placed  di- 

ing,  and  float-boards,  as  well  as  the  rectly  under  the  main  shaft  upon  which 

weight  of  water  acting  upon  it.    Thus,  that  wheel  turns :  then,  since  the  power 

for  example,  in  a  wheel  twenty-four  feet  of  the  water  acts  under  the  bottom  0^ 

diameter,  the  arms  of  which  weigh  two  the  wheel  a  little  lower  than  whoe  the 

tons,  the  shrouding  and  rim  four  tons,  power  is  taken  fitnn,  it  will  be  evident 

and  the  water  in  action  two  tons ;  call  that  boih  the  strains  will  be  on  the  under 

the  weight  of  the  rim  R,  which  must  be  side  of  the  shaft  without  any  thing  above 

multiplied  by  the  square  of  the  radius,  \o XwIbxvq^  them;  and  aa  the  power  de- 

Mod  the  product  be  doubled,  beoause  the  nv e^  Va  ixi  mo1^  cmms  tmmo^  ^^^jh^  ^ 
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that  of  the  wheel,  and  in  almost  all  lerel,  and  in  which  there  also  happens 
eases  tuperior  to  its  weight,  the  efibet  to  be  a  small  stream  of  running  water 
wUl  be  to  produce  a  constant  tendency  at  the  siu&ce.  Such  a  stream  is  most 
to  rmiae  the  wheel  out  of  its  bearings ;  frequentlj  applied  to  turning  a.  water- 
whDa.  if  the  power  had  been  derived  wheel  and  then  runs  to  waste ;  but,  by 
frcan  the  point  A  on  the  top  of  the  cog<  the  application  of  this  machine,  it  may 
wheel,  the  water  would  be  driving  the  be  converted  to  highly  use^l  purposes. 
wbcel  forward  in  the  ditection  <tt  the  The  fonn  and  operation  of  the  water- 
eonent,  while  the  derived  power  would  pressure  engine  will  be  understoi>d  by 
act  in  a  directly  opposite  duecUon  with  referring  to  Jig.  21,  in  which  a  6  is  a 
Dearly  equal  force ;  and  aa  the  one  acts  metal  cylinder,  truly  bored,  closed  at  its 
below  wule  the  other  acts  above,  it 
follows  that  they  must  nearly  balance 
each  other,  and  thus  produce  no  impe 
^inwnt  to  the  steady  revolution  of  the 
wheel.  What  has  been  stated  with  re- 
spect of  the  undershot-wheel  equally 
KMhlwf  to  all  others ;  for  in  the  breast- 
wlMel,  the  power  should  be  derived  from 
(be  ptunt  opposite  to  that  on  which  the 
water  ia  aoting.  and  so  of  the  overshot- 
wbMl.  where  the  power  should  be  taken 
bdiind  tha  wheel  nearly  in  its  horiion- 
taldiaineterasatAin(/t^t.  I9and20.) 

The  Tarieties  of  water-wheels  above 
described  comprehend  all  those  that  are 
cenenllj  used  in  Great  Britain ;  but  in 
America  and  some  parts  of  Europe, 
boriiontal  water-wheels,  or  wheels  with 
oblique  floats,  acting  on  the  principle* 
at  the  amoke-jack  by  oblique  impose, 
are  very  common  and  very  simple  in 
thor  coDstnietion ;  but  as  they  are  less 
efficient  in  mechanical  power  and  ad- 
vantage, it  is  needless  to  describe  them 
here:  the  reader  is  therefore  referred 
to  page  46  of  the  fourth  volume  of  the 
Quarterly  Joumai  of  Science  and  lAe 
Arte,  edited  at  the  Royal  Institution, 
where  a  short  hut  comprehensive  ac-  two  ends,  and  having  on  air-tight  piston 
count  is  given  by  Mr.  Adamson  of  all  and  piston-rod  working  through  a  stuf- 
the  various  conhivances,  on  this  ptin-  fing-ho<.  precisely  m  the  same  way  as 
ciple,  which  have  from  time  to  time  Deen  if  prepared  and  made  for  a  steam-eu- 
iised,  together  with  a  parUcuhu-descrip-  gjne.  The  cyUnder  has,  likewise,  the 
tion  of  one  of  the  best  forms  of  this  kind  tame  noisles  and  side  pipes  as  the  steam- 
of  water-milL  engine,  which  are  united  in  a  common 

Thebestmodeofobtainingtheutmost  fbur-way  (or  rather  double  parage) 
power  out  of  a  small  stream  of  water,  cock  at  e.  The  operation  of  this  kind 
when  it  happens  to  be  in  aa  elevated  of  cock  is  too  wdl  known  to  need  par- 
utuation,  and  there  is  an  opportunity  of  ticular  description.  It  presents  foui 
discharging  the  waste  water  m  an  inter-  external  opemngs,  and  has  the  effect  of 
mettiale  positioa  between  that  which  is  permitting  two  opposite  currents  to  pass 
to  be  raised  and  that  employed  to  pro-  through  it  at  the  seme  time,  the  direc- 
duce  the  effect,  as  in  the  Hungarian  tion  ^  wWch  may  be  reversed  by  tum- 
machine,  is  what  is  called  the  Irater-  ing  the  cock  a  quarter  round,  although 
fretture  Engine,  linng,  in  &ct,  a  steam-  the  supply  is  constantly  delivered  in  at 
engine,  worked  by  water  instead  of  the  same  orifice.  Thus,  as  the  cock  is 
■team,  and  possessing  the  powers  of  shown  in  the  figure,  any  water  that  may 
Bramah'a  hydrostatic  press.  This  kind  be  eonvned  from  the  elevated  reservoir 
of  en^na  i«  particularly  applicable  to  A  through  the  pipe  f,  which  is  cQD&adue^ 
pumping,  or  any  othcor  pmpoae,  in  mine*  with  one  at  the  ormou  \n\![\K  t»^  ^  «« 
whiea  hmim  tbe  advaataga  of  «n  adit   wnuM  fturt  m  Viyi^ipiAW^a  ya^^xi^'ihia 
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side-pipe  e  into  the  upper  part  b  of  the  three  feet  high  fa  eanivalent  to  itiiUM- 

G^linder,  and  would  therefore  press  upon  pheric  pressure,  ornfteen  pounds  upon 

tnc  top  of  the  piston  and  force  it  down-  the  square  inch,  so  if  we  suppose  the 

wards ;  while,  at  the  same  time,  any  air  pipe  g  to  be  thirty-three  feet  long  from 

or  other  fluid  that  might  be  contained  in  the  surface  of  the  water  in  the  reser* 

the  cylinder  below  the  piston  could  voir  A,  down  to  the  medium  point  of  the 

escape  through  the  ascending  side-pipe  cylinder  as  at  e,  then  that  column  of 

d,  and  would  flow  out  from  the  cock  at  water  will  exert  a  power  to  move  the 

the  external  orifice  /,  thus  permitting  piston  upwards  or  aownwajids  equal  in 

the  piston  to  descend  without  impedi-  force  to  fifteen  pounds  multiplied  by  ths 

ment    Having  done  so,  all  that  would  number  of  square  inches  the  piston  may 

be  necessary  to  produce  its  re-elevation  contain,  without  any  deduction  exerat 

would  be  to  turn  the  lever  or  handle  t  of  what  is  necessary  for  the  friction  of  toe 

the  cock  downwards  a  quarter  of  a  revo-  machine.    Now  a  cylinder  only  twehrs 

lution,  by  which  the  two  passages  would  inches  diameter,  will  contafai  113  squire 

be  put  into  such  a  position  that  the  water  inches  upon  its  piston,  which  multqdial 

from  9  would  pass  down  the  side-pipe  by  15  pounds  gives  no  less  than  17U 

d,  and  by  entering  the  lower  part  of  tne  pounds  pressure  upon  so^  small  a  ma- 

cvlinder  would  force  the  piston  upwards,  chme ;  and  as  both  the  hei^t  of  eolman 

the  water  previously  admitted  above  the  and  majgmtude  of  the  C3^ilnder  vrnf  be 

piston  being  by  this  means  expelled  at/  ^k^eatlv  mcreased  without  ineonretkieiie^ 

through  the  passage  prepared  for  it,  by  S  will  be  seen  that  this  is  a  most  etceBett 

the  above  turning  of  the  cock.    To  stop  and  simple  machine,  affording  diapoaiUi 

the  machine,  the  cock  is  put  into  an  in-  power  appHcable  to  any  purpose^  utak 

termediate  position,  which  shuts  all  the  ever  the  two  requisites  for  its  eonlCrtD- 

four  orifices  at  once,  or  it  may  be  stopped  tion  can  be  obtuned,  viz.,  A  tufflefalttf 

by  shutting  a  cock  in  the  pipe  of  supplv  elevated  supply  to  work  the  pistofi,  in 

at^;  and  to  cause  the  machine  to  work  a  convenient  dischaxf^e  for  the  waiM 

of  itself  without  attendance,  all  that  is  water  to  esci^  after  it  has  perfimtted 

necessary  is  to  prdlonff  the  end  of  the  its  duty. 

working-beam  k,  to  which  the  piston-        So  fer,  the  weight  and  moring  im- 

rod  is  attached  as  in  the  steam-engine,  petus  of  water  have  alone  been  noticed 

and  to  fix  a  plug-tree  or  rod  /  /  to  such  as  capable  of  producing  power  to  work 

prolonged  beam,  when  the  tappets  or  machmery;  but  a  similtf  effect  may  abo 

projecting  pins  m  m  will  strike  upon  be  obtained  from  the  re-action  andcen- 

and  move  the  lever  t  of  the  cock  at  the  trifugal  force  of  water  in  machinery 

proper  periods  for  sending  the  water  al-  properly  constructed  for  the  purpose  of 

temately  above  and  below  the  piston,  obtaining  it,  and  the  present  account  of 

and  thus  keep  the  machine  in  constant  hydraulic  machines  shall  therefore  be 

action.  concluded  by  a  description  of  a  curious 

This  machine  is  dependant  on  the  prin-  machine  invented  by  Dr.  Barker   to- 

ciples  of  Hydrostatic  pressure,  and  is  in  wards  the  close  of  the  seventeenth  ccn- 

eveiy  respect  similar  m  operation  to  the  tury,  and  which  is  generally  known  by  the 

hydrostatic  bellows  or  Bramah's  water-  name  of  Barker's  Centrifiigal  Miil.    In 

press,described  in  theTVtfa/tM  on  Hydro-  this  the  water  does  not  act  by  its  weight 

statics.  In  that  treatise  it  is  shown  that  or  momentum,  but  by  its  centrifugal 

the  pressure  of  fluids  is  according  to  the  force  and  the  re-action  that  is  produced 

area  or  surface  upon  which  they  press,  by  the  flowing  of  the  water  on  the  point 

and  the  perpendicular  height  of  the  co-  immediately  oehind  the  orifice  of^dis- 

lumn,  without  any  regard  to  tiie  quan-  chai^.      Its  general    construction  is 

tity  of  water  employed,  consequentiy,  shown   at  ^g,   22,    in    which  9  ti  is 

whatever  may  be  the  size  of  the  pipe  g  a  metal  pipe   of  considerable  height, 

which  conveys  the  water,  the  efffect  of  its  top  v  being  widened  or  extended 

that  water  will  be  as  the  area  of  the  into   a  funnel    shape.      The  pipe   is 

piston  or  the  cylinder.     The  pipe  ^  maintained  in  its  vertical  position,  as 

needs  therefore  be  no  larger  than  what  IS  shown  in  the  figure,  by  resting  on  a 

necessary  to  convey  a  siiflBciently  speedy  pointed  steel  pivot  turning  into  a  brass 

supply  into  tlie  cylinder  a  b,  for  if  it  was  box  to  at  the  lower  extremity,  while  the 

twice  or  thrice  as  large,  the  rapidity  of  upper  part  has  a  cylindrical  tteel  axis 

tlie  working  alone,  and  not  the  power  passing  through  the  top  y  y  of  a  frima 

0fthe  machine,  would  be  affected.   And  nYMv  s\xg^sf\a  ix\  ^iM&  \£^  tr  ti  is  eoa> 

Mlao0  B  9oluBUi  flf  wftter  about  tbioty-  i«itj^i!a]0a^iKtA\ftiD^ 
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oiltiriHdiit  doM Mtb  very  UUk  itone oonneotcd with itiiltipcr  end.  This 
n.  Tuwwdi  the  loner  cxtremitjr  nuuhine  ii  described  and  likhly  ipoken 
of  in  almost  all  the  books  Uiat  tieat  of 
hydikulic  mochinerf ,  but  it  does  not  a,ip- 
pear  to  have  been  carried  into  pracUoal 
•ffeet  in  Kngl&nd.  Euler  enters  into  an 
elaborate  desermtion  of  tbe  theory  and 
impoHance  of  this  machine  in  the  me- 
moirs of  the  Academy  of  Berlin  for  1 7SI , 
and  aorees  with  Bemouilli,  at  the  close 
of  his  Hjdraulici,  in  saying  that  it  exceii 
an  other  methods  of  employing  the  fonjt 
of  wstv to  obtain  i]Kiti<Hi.  Thepowerof 
this  machine  does  not  depend  aRogetlM' 
on  the  perpendicular  hel^t  of  the  water 
in  the  pipe  u  v,  but  on  the  centiifl^ 
force  th^  is  generated  in  the  amis  »  a, 
by  which  a  much  more  rapid  and  ym- 
leot  dischai^  of  the  water  takes  place 
than  would  occur  from  the  elevation  <^ 
bead  alone,  and  by  which  a  propor- 
tionate Telocity  of  motion  is  also  pro- 
doced.  In  Roiier'H  Journal  deP/iyttgm, 
August  1775,  there  is  an  account  of  an 
Improvement  of  this  machine  liy  M. 
Mathon  de  la  Cour,  in  which  the  water 
is  made  to  ascend  instead  of  descend  into 
the  pipe  mv.ty  means  of  a  close  cround 
j:>int:  in  this  way  any  height  ofwab 


:>mt:  m  this  way  any  height  of  water 

;an  be  conducted  by  ekne  pipes  to  ope- 

nte  on  the  moAhinw  without  increasing 

at  rif^t  an^ea  to   the  height  and  oonsequent  weight  of  the 

9  smaUer  pipes  or    revolving  tdpe,  which  makes  the  ma- 

emal  ends  are  in-    chine  much  more  compact  and  fl-ee  from 
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with  closed  external  ends  are  in-  chine  much  more  compact 

,  as  at  «a,  and  an  adjustable  ori-  fiiction.  Mr.  Waring  describes  a  ma- 
made  at  the  side  of  each  of  these  dune  of  this  description,  on  M.  Mathon 
pipes  as  near  as  possible  to  its  de  la  Cour's  construction,  from  his  own 
Lnd  placed  on  opposite  sides  at  inspection,  in  the  3d  voL  of  the  Trans- 
lipes,  so  that  water  issuing  from  actions  of  the  American  Philosophical 
may  spout  horizontally  and  la  op-  Society.,  add  of  which  he  ^ves  the  fol- 
directions,  as  shown  at  the  letters  lowing  dimensions.  The  radius  of  the 
a.  One  end  of  a  pipe  6  commu-  arms  from  the  centre  pivot  to  the  centre 
s  with  a  supply  of  water  which  It  of  the  discharging  holes  forty-six  inches ; 
rs  into  the  funnel  head  v,  without  biside  diameter  of  the  arms  three 
in(c  it  in  any  part,  and  the  supply  inches ;  diameter  of  the  svippljing  pipe 

1  pipe  must  be  so  re$[ulated  oy  a  two  inches ;  height  of  the  working  head 
IT  otherwise,  that  it  may  con-  ofwatertwenty-onefeetabovelhepointa 
/  keep  the  pp«  u  o  filled  with  of  discharge.  This,  though  a  great  (Ml, 
without  running  over,  at  the  same  is  evidently  a  very  small  consumption  of 
hat  the  dischaise  is  piin^  on  from  water,  since  it  was  all  suppliwl  by  t 
ifices  e  a,  which  will  dehver  theh  two-inch  pipe ;  and  when  the  machine 
with  a  force  proportionate  to  the  was  not  loaded,  and  had  but  one  dis- 
idicular  height  of  the  column  of  ^srgjn^  orifltx  open,  it  made  115  turns 
contained  in  uv;  and  since  the  in  a  minute.    This  gives  a  reloci^  of 

2  a  are  m  ooposite  directions,  the    Ibrly-six  feet  ir  - -"  *~  *' "" 


D  a  second  fbr  tlie  onflee 


resistance  or  re-Mtlon  flve-nsths  in  a  second  Easter  than  tbe 

throw   the  jnpe  u  t>,  with  Its  water  would  flow  out  under  the  simple 

and  axis  x,  mto  rapid  rotatory  pressure  of  a  twenty-one  feet  hnd, 

n,  and  Uui  axis  may  commum-  which  ^eat  excess  of  velocity  can  od^ 

^ts  motion  and  powa  to  whed-  be  attranite&  \a  ^  -^ttoSi^aia  ontcn.- 

nmscbinqT',  or 0rai  to  «  mill-  AigilGoiM  S«M»Mkta,'te«B»t«& 
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upon  which  this  machine,  in  a  mat  applieatioft  of  water  to  tlw  drifin^  of 

measure,  depends  fnr  its  action.    Bar-  machinery  is  >o  nrnple,  io  cheap,  w 

ker's  mill  is  a  machine  which  is  ▼enr  constant,  and  ecjuaUe  in  its   action, 

warml]^  recommended  to  practice  by  all  that  it  amply  merits  the  prefereoee  eon- 

the  eminent  mechanics  who  have  inves-  stantly  shown  to  it  whenerer  it  can  be 

tijE^ted  the  subject ;  and  considering  the  obtained:  but  it  fiequently  happens, 

high  respectability  of  their  names,  and  that  motion  and  power  are  required  for 

the  simplicity  and  cheapness  of  the  machineiy,  where  the  stream  may  not 

machine,  it  cannot  but  be  matter  of  be  sufficiently  powerful  all    the  ytsr 

surprise  tliat  no  attempts  at  its  con-  round  to  drive  a  larse  wheel ;  and  in 

struction  on  a  laige  scale  have  been  that  case,  two  smellier   water-wheds 

made   in    Great   Britain,   where   the  are  to  be  pre£erred  to  one  large  one ; 

motive  power  of  water  Has  been  more  becMise  the  one  wheel  may  be  driven 

extensively  used  than  in  any  other  part  when  tiiere  is    not  water  enough  for 

of  the  world,  and  has  in  no  small  de-  both ;  Ixodes  which,  it  affords  an  op- 

gree  contributed  to  that  pre-eminent  portunity  of  repairing  one  wheel  wmfe 

excellence  which  our  countrv  is  ac-  the  other  may  be  at  work,  and  posses- 

knowledged  to  have  obtained  in  her  sea  other  practical  advantage!, 
various  manufactuxing  processes.    The 


Chaptir  IV. 

BOOKS  UPOir  THIS  BRANCH  OF  SCIBNCB. 


HydrtttdicM  in  general. 

Tu  principal  books  on  these  subjects  are  chiefly  by  foreign  authon^  aai 
were,  till  lately,  in  foreign  languages.  Amongst  the  most  oonspicuons  an  >- 
Architecture  Hydraulique,  par  M.  B^lidor,  4  vols.  4to.  Paris,  (1 782.) 
Nouvelle  Architecture  Hydraulique,  par  M.  Prony.  Paris,  (1796.) 
Principes  d'Hydraulique,  par  Du  Buat,  2  vols.  8vo.  Paris,  (1786.) 
Hydrodynamica,  sive  de  Viribus  et  Motibus  Fluidonim,  Commentarii,  Dan* 

BemouUii.  4to.  Strasbure,  (1738.) 

Opera  Hydraulica  de  Joh.  BemouUii,  voL  4.  Lausanne,  (1742.) 

Traits  6llmentaire  d'.Hydrodynamique,  par  Bossut,  2  vols.  8vo.  Paris,  (I77U 

Jacob  Leupold,  Theat  Machinarum  hydraulioanim,  (1724,  1725.) 

(Among  the  best  English  works,  and  translations  on  the  subjects  gencrdif, 
are): — 

A  Treatise  of  Mechanics,  by  Olinthus  Gregory,  LL.D.,  Prod  Math,  in  the 
Rov.  Mil.  Acad.,  Woolwich,  2  vols.  8vo.  Tendon,  (1826.) 

Lectures  on  Natural  Philosophy,  by  Thomas  Young,  M.  D.,  2  vols.  4to. 
London,  (1807.) 

The  Works  of  Vitru\'ius,  translated  from  Latin,  by  Newton,  2  vols.  foU 
(1791.) 

£merson*s  Principles  of  Mechanics,  4 to.  London,  (1 758.) 

Ency.  Brit.,  Art.  Hydraulics  and  River, — Many  valuable  detached  articles 
throughout  the  Trans,  of  the  Societjr  of  Arts — ^The  Kepertory  of  Arta— Niehol- 
son's  Phil.  Journal — ^The  Philosophical  Magazine. 

Particiilar  Subjects, 

Experimental  Inquiry  on  the  Power  of  Mills,  by  John  Smeaton,  F.  R.S.,  1 
vol.  8vo.,  London,  (1796.)     Also,  Smeaton*s  Reports,  3  vols.  4to.  (1812.) 

A  Treatise  on  Mills,  by  John  Banks.  1  vol.  8vo.,  (1815.)  also,  by  the  samev 
on  the  Power  of  Barker's  Mill,  Westgarth's  Engine,  &c.,  1  voL  8vo.,  (1803.) 

Practical  Essays  on  Mill-work,  by  R.  Buchanan,  2  vols.  8vo.,  (1823.) 

Experimental  Inquiry  concerning  the  Motion  of  Fluids,  by  J.  B.  Ventmi- 
translated  by  W.  Nicholson,  1  voL  8vo.,  London,  (1799.) 

A  Treatise  on  Rivers  and  Torrents,  by  P.  Frisi*  translated  by  Mm.«Gen.  Jofe» 
Garstin,  1  vol.  4to.,  London*  (1818.) 
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,  inl«fer 

■  mechanical  properties,  are 
tolids  andfiiidt. 
one,  metal  in  its  ordiclary 
istances  of  solids.     One  of 
iking  mechanical  peculiBri- 

class  is  that,  if  to  such  a 
)rce  be  applied,  the  whole 
e  moved  without  suffering 
in  its  figure  or  shape. 
licksllver,  melted  metal,  air, 

instances  of  fluids.  Tliis 
ies  differ  essentially  in  their 
properties  from  the  former, 
on  of  parts  whii^h  is  the 
:  presen'alion  of  the  fiiture 
ot  with  standing  the  apphca- 
rae  tending  to  change  the 
lere  no  eiistence  whatever. 
,'  a  fluid  are  perfectly  free  to 
g  each  other,  and  immedi- 
Lpon  the  application  of  the 
;e.  Fluids  easily  allow  solid 
ss  through  them,  and  their 
ways  compose  themselves 
it  level.  On  the  other  hand, 
I  of  the  parts  of  solids  do 
he  passage  of  another  body 
lem  unless  extraordinary 
d,  and  Iheir  surfaces  main- 
ition  with  respect  to  a  level 
1  plane  in  which  they  may 
e  placed. 

Is  are  divided  into  two  very 
;es,  denominated,  from  theu- 
c    mechanical    properties, 
nelashc. 
J  cylindrical  vessel,  of  which 

is  a  section,  be  filled  to  the 
ith  water,  and  a  piston  or 
eurately  fitting  the  vessel, 
of  moving  water-tight  in  it, 
id  over  the  surface  of  the 

a  pressure  b«  exerted  on 


that  surface  t^'meBiu  of  the  piston,  it 

will  be  found  that  no  pres- 
siu-e  which  can  lie  produced 
wili  force  the  surface  of  the 
ivater  lower  in  the  vessel 
than  its  original  height  C.     ^ 

Now  let  us  suppose  the^B 
water  discharged  from  the 
vessel  A  B,  and  its  plac 
occupied  by  common  ai: 
Let  me  (asion,  «?  bei'orc,  be 
introduced  into  Ihe  cylinder, 
fitting  it  so  that  no  air  car. 
escape  between  the  piston 
and  the  cylinder.  A  pres- 
sure bein^  now  exerted  on 
the  piston  it  will  iitiintTiiJitely 
descend ;  but  the  moraenlA  e 
the  pressure  is  removed,  it 
will  ngavn  ascend,  and  resume  its  first 

(3.)  The  propertT,  in  virtue  of  which 
the  water  resisted  tne  descent  of  the  pis- 
ton and  would  not  admit  of  a  diminisiied 
bulk,  is  called  incompretsibililt/ ;  and, 
on  the  other  hand,  the  property  by  which 
the  air  admitted  the  descent  of  the  pis> 
ton  and  was  forced  into  a  less  bulk,  is 
called  compratibility.  A^n,  the  pro- 
perty manifested  by  the  air  in  forcing 
back  the  piston  when  the  pressure  wa« 
removed,  and  resuming  its  original  bulk, 
is  called  daitieity. 

It  appears,  therefore,  that  elasticity 
supposes  compressibility,  and  a  body 
which  is  incompressible  must  necessa- 
rily be  also  inelastic.  Hence  water  i* 
an  inelastic,  air  an  elastic  fluid. 

Strictly  speaking,  neither  water,  nor 
any  other  liquid  which  we  know  of,  is 
perfectly  incompressible  or  inelastic.  It 
was  long  supposed  that  water  possessed 
neither  of  these  properties ;  but  accurate 
experiments  have  shown,  that  it  and 
other  liquids  are  both  compressible  and 
elastic.  A  pressure  of  15lbs.  on  each 
square  inch  of  surface,  reduces  the  bulk 
of  water  by  oncpart  in  21740.  The  de-  '" 
grees  of  compressilnlily,  however,  which 
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vre  found  in  liquids,  are  so  inconsider-  this  and  otlier  reasons  it  will  be  conre- 

.  able,    that  the   quality  of  compressi-  nient  to  adopt  it  as  the  representative  of 

bility  in  these  substances  is  rather  to  be  elastic  fluids  in  general,  and  there  will 

looked  upon  as  a  philosophical  facty  than  be  no  difficulty  in  applying  to  them  the 

as  a  property  to  be  taken  into  account  conclusions  to  which  we  may  arrive, 
in  mechanical  investigations.    Accord- 
ingly, in  all  mechanical  treatises,  li(}uids 

and  aeriform  bodies  are  considered  to  Chapter  IL 
be  distinguished  as  we  have  already  ex- 
plained ;  and  when  their  properties  are  Air  possesses  the  universal  Properties 
expressed  mathematically,  the  formulae  0/  Matter — Impetietrability,  Inertioy 
for  the  one  are  founded  on  the  supposi-  Mobility ^  and  fVeight, 
tion  of  their  being  inelastic,  and  lor  the 
other  of  their  being  elastic  (5.)  Air  being  apparent]}^  an  invisible, 

Tlie   same  property  of  incomprcssi-  intangible  substance  in  which  we  freely 

bility  which  we  have  just  explained  in  move,  it  may  at  first  be  doubted  whether 

water,  is  common  to  all  that  class  of  it  be  matter  or  not.    It  should  be  ob- 

fluids  which  are  called   liquids,   such  ser\Td,  that  the  properties  of  substances, 

as   mercury,    alcohol,    &c. ;    and  the  even  those  with  which  we  are  most  ha- 

property  01  elasticity  explained  in  the  bitually  conversant,  do  not  always  offer 

mstance  of  air  is  common  to  all  fluids  themselves  immediately  to  the  observa* 

of  the  gaseous  or  vai)orous  fonn,  such  tion  of  the  senses,  and  that  in  noticing 

as  all  the  gases,  steam  raised  by  heat  them  our  senses  must  often  be  guided 

from  all  species  of  liquids,  &c.  by  philosophical  considerations.     Not 

This  manifest  and  important  mecha-  that  these  philosophical  considerations 

nical  distinction  between  the  two  classes  add  any  thing  to  the  certitude  derived 

of  fluids  gives  rise  to  a  corresponding  from  the  senses,  but  rather  that  they 

division  in  that  part  of  mechanical  phi-  direct  the  senses  to  the  proper  objects  of 

losophy  which  treats  of  their  properties,  attention.   Let  us  then  consider  how  we 

That  wliich  treats  of  the  mechanical  should  use  the  senses  in  deciding  the 

properties  of  elastic  fluids,  and  which  question,  whetlier  air  be  material  or 

forms  the  subject  of  the  present  treatise,  not  ?     We  know  that  there  are  certain 

is  called  Pneumatics^  from  the  Greek  properties  which  any  tiling  must  have  in 

word  ^nufia^  (pneuma,)  which  signifies  order  to  be  material,  and  tiiat  having 

breath  or  air,  these  properties  it  is  necessarily  one  of 

(4.)  The  various  elastic  fluids  differ  tliat  class  of  beings  which  we  denote  by 

one  from  anotlier  in  many  respects.  One  the  term  matter.    Air,  then,  will  be  ma- 

of  the  most  striking  distinctions  is,  that  terial  or  not,  according  as  it  is  found  to 

some  are  permanently  elastic,  and  others  possess  or  not  these  requisite  qualifiea- 

not.    Tliose  which  arc  incapable  by  any  tions.    The  principal  of  these  properties 

known  means  of  beine:  converted  into  a  are,  impenetrability ^  inertia,  mobiiity, 

liquid  are  called   permanently  elastic  and  weight, 

fluids.  Such,  for  example,  is  air.  On  (6.)  Impenetrability  is  that  xnroperty 
the  other  hand,  those  which,  by  being  by  which  a  body  occupies  any  space  to 
submitted  to  pressure  or  exposed  to  cold,  the  exclusion  of  every  other  body,  or  so 
are  reduced  to  liquids,  are  not  perma-  that  no  other  body  can  fill  that  space 
ncntly  elastic,  and  arc  generally  called  until  the  other  deserts  it. 
vapours.  Such,  for  exami)le,  is  steam,  (7.)  Air  is  impenetrable. 
Besides  this,  there  are  many  other  dis-  There  are  various  experimental  proofs 
tinctions  between  elastic  fluids,  arising  of  this  proposition.  Let  A  B  (Jig  2.)  be 
out  of  their  chemical  properties.  It  a  glass  receiver,  or  cylindrical  vessel. 
will  not,  however,  be  necessary  hero  to  containing  water  to  the  level  B,  and  let 
inquire  into  these,  since  the  mechanical  C  D  {fig.  3.)  l>e  a  smaller  vessel  of  the 
properties  which  we  shall  have  to  con-  same  kind  empty,  and  having  an  aper- 
sider  in  the  present  treatise  are  common  lure  in  the  bottom  furnished  with  a  stop- 
to  all  clastic  fluids,  whatever  be  their  cock  at  F.  Let  a  cork  or  other  liglit 
differences  as  to  permanent  elasticitv  or  body  be  placed  floating  on  the  surface  of 
any  other  properties.  The  elastic  fluid  the  water  at  G,  and  the  stop-cock  F 
with  which  we  are  most  familiar  is  at-  being  closed,  lei  the  vessel  C  D  be  in- 
mospheric  air,  and  it  possesses  all  the  verted  over  the  cork  G,  (as  At  Jig  4.) 
mechanical  properties  which  we  shall  and  let  its  mouth  D  be  pressed  into  liw 
have  to  notice  in  any  elastic  fluid.    For  water  to  any  convenient  d^ptht    It  will 
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ho  found  that  the  water  will  not  enter 
tho  inverted  receiver,  except  to  a  very 
linr^ited  heirfit  as  £,  as  will  be  made 
visible  by  the  cork  floatintj  on  the  sur- 
face and  seen  through  the  i^lass.  Thus 
the  air  in  the  ret'civer  which  occupies 
the  s])ace  C  K  excludes  the  water.  That 
this  is  the  cause  of  its  exclusion  will  be 
rendered  apparent  by  opening  the  stop- 
cock F,  by  which  the  air  which  hitherto 
prevcntc(l  tlie  ascent  of  the  water  be- 
yond the  level  E  will  escape,  and  the 
water  will  immediately  rise  until  it  as- 
sumes the  same  level  in  both  receivers. 

Again,  if  the  piston  described  in  (2.) 
be  forced  against  the  air  confined  in  the 
cylinder,  it  will  be  found  that  no  force 
whatever  will  compel  it  to  reacii  the 
bottom ;  however  strong  the  apparatus 
may  be,  it  will  burst  or  break  before  tliis 
can  happen. 

(8.)  In  both  of  these  experiments  it 
night  seem  that  the  air  was  partially 
penetrable,  since  in  the  former  the  water 
entered  tlie  cylinder  to  the  height  E,  and 
in  the  latter,  although  the  piston  oould 
not  be  forced  to  the  bottom,  yet  it  was 
found  to  approach  it.  These  effects, 
however,  were  not  produced  by  the  pe- 
netration of  the  air  contained  in  the 
respective  vessels,  but  by  its  compres- 
sion. The  air  in  both  cases  }iclded  to 
the  body,  which  entered  the  cylinder  and 
contracted  itself  into  a  smaller  space. 

It  would  be  very  easv  to  multiply 
]>roofs  of  the  existence  of^  this  i>roperty 
in  air,  but  it  is  the  less  necessaiy,  as  ad- 
ditional proofs  of  it  will  be  perceived  in 
many  of  the  experiments  which  we  shall 
have  to  describe  for  other  puri)oscs. 
The  same,  indeed,  may  be  said  of  all 
the  other  properties  of  air  which  we  are 
about  to  establish,  and  such  is  ever  the 
nature  of  principles  established  by  philo- 
sophical investigation.  They  are  con- 
tinually reappearing  and  soliciting  our 
notice  when  we  are  not  seeking  them, 
and  we  recognise  fresh  proofs  of  them 
m  investigations  apparently  the  most 


remote  from  those  in  which  they  first 
orisrinated. 

The  quahty  in  air  which  we  have 
called  impenetrabiUty^  is  sometimes 
called  solidity,  and  air  is  said  to  be 
folid.  There  is,  however,  an  objection 
to  the  use  of  lliis  term  in  tliis  sense. 
Solid  has  already  been  used  in  opposi- 
tion to  fluid,  and  air  is  of  the  latter 
class.  Tlie  word  solid  would  thus  l)e 
used  in  two  different  senses,  which 
should  be  avoided.  We  have,  there- 
fore, in  the  present  instance,  thought  it 
better  to  express  that  universal  property 
of  all  species  of  matter  by  which  it  re« 
fuses  admission  of  other  matter  to  the 
space  it  fills  until  it  has  deserted  it,  by 
the  negative  term  impenetrability, 

(9.)  Air  is  inert  and  moveable, 

Tlie  quality  of  inertia  which  is  known 
as  an  universal  property  of  matter,  is 
that  in  virtue  of  which  it  requires  a  cer- 
tain effort  or  force  to  produce  motion  in 
matter  if  it  be  at  rest,  and  to  destroy  or 
modify  any  motion  which  it  has  if  not 
at  rest. 

Tliat  air  possesses  inertia  we  have 
num(Tous  and  familiar  proofs.  Wind 
is  nothing  but  air  in  motion.  Any  ob- 
stacle which  opposes  this  motion  sus- 
tains a  considerable  pressure,  and  must 
exert  a  proportionate  resistunce,  other- 
wise it  will  be  carried  fonvaixl  with  the 
body  of  moving  air.  Such  are  the 
effects  of  wind  on  balloons  and  other 
bodies  fl(^ating  in  the  atmosphere.  Also 
on  ships  and  all  bodies  floating  on  water 
which  present  sufficient  surfaces  in 
opposition  to  the  wind,  such  as  sails. 
Nay,  we  find,  notwithstanding  the  ex- 
treme thinness  of  the  atmosphere  which 
surrounds  us,  that  it  is  capable  of  ex- 
erting very  powerful  de^ees  of  force 
when  it  acquires  sufficient  velocity: 
witness  the  effects  of  hurricanes  in  agi- 
tating the  waters  of  the  ocean,  in  tearina^ 
up  by  the  roots  the  largest  trees,  in 
overthrowing  buildings,  &c.  These 
effects  establish  b^ond  question  th« 

B  2 
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great  force  which  is  necessary  to  destroy  pressing  the  piston  to  the  bottom  of  the 

or  modify  the  motion  of  air.  cylinder,  the  air  contained  in  the  cylin- 

If  tJie  atmosphere  Ixj  quiescent  and  der  will  be  forced  tlirough  the  valve  in 

tlicre  be  no  wind,  there  is  a  resistance  the  piston.    Let  us  then  suppose  Uie 

opposed  by  it  to  the  passage  of  any  body  piston  in  close  contact  with  the  bottom 

through  it.    This  resistance  is  produced  and  sides  of  the  cylinder,  all  air  having 

Dy  the  force  exerted  by  the  body  so  been  excluded:    upon    attempting   to 

passing  through  it  in  displacing  the  air  draw  the  piston  up,  it  will  be  found  that 

in  its  progress.    "When  the  motion  is  very  considerable  force  will  be  neces- 

slow,  and  the  surface  of  the  body  which  sary ;  and  that  when  sufficient  effort  has 

faces  the  direction  of  the  motion  not  been   used,   and  the  piston  has  l)een 

very  great  in  proportion  to  the  whole  brought  to  the  top  of  the  cylinder,  if  it 

Dody,  this  resistance  is  perhaps  not  sen-  bv?  disengaged  from   the  agent   which 

sibly  felt.     But  if  the  motion  be  accele-  drew  it  up,  it  will  descend  with  great 

rated  or  the  sui-foce  much  enlarged,  il  is  force   and   strike    the    lx>ttom.      This 

instantly  perceived.     In  walkinjr  at  a  effect  plainly  indicates  the  weight  of  the 

moderate  pace  on  a  calm  day  we  do  not  air  pressing:  on  the  upper  surface  of  the 

easily  feel  the  resistance  of  the  air,  but  piston.     This  is  what  is  vulgarly  called 

if  we  increase  our  speed  and  run,  we  suction  ;  as  if  there  were  somn  force 

find  the  same  effect  as  if  a  wind  were  within  the  cylinder  which  drew  the  pis- 

blowins?  in  our  face :  this  effect  increases  ton  to  the  bottom.     But  within  the  cv- 

in  proportion  to  the  speed,  and  is  very  Under  is  nothing  but  empty  space,  and 

obvious    when   riding    or  driving  ra-  it  is  plainly  unreasonable  to  ascribe  to 

pidlv.  empty  space  any  mechanical  influence. 

if  a  large  fan  or  an  open  umbrella  be  ;   That  it  is  the  weight  of  the  incumbent 

moved  slowly  against  the  calm  air,  the  atmosphere  pressing  on  the  upper  siir- 

resistance  will  be  instantly  felt,  and  a  face  of  the  piston  which  forces  it  to  tlie 

considerable  exertion  will  be  necessary  bottom  of  the  cylinder,  is  still  further 

to  sustain  the  motion.  proved  bv  the  fact,  that  if  the  upper 

(10.)  Air  has  weight,  surface  of  the  piston  be  increased,  the 

If  our  object  be  merely  to  establish  force  which  presses  it  down  will  be  also 
the  fiict  that  air  is  hca\y,  the  most  increased,  and  what  is  more,  will  be  in- 
direct method  is  to  weigh  it  by  the  creased  in  precisely  the  same  proportion 
usual  means,  a  balance.  But  if  it  be  as  the  surface  of  the  piston.  In  faet, 
required  to  ascertain  with  jn*eat  nicety  it  is  found  that  when  all  air  or  other 
its  degree  of  weight  or  specific  gravity^  elastic  fluid  has  been  expelled  fi-om  be- 
other  less  direct  but  more  accurate  neath  the  piston,  there  will  be  a  pressure 
means  iiuist  be  resorted  to.  Id  the  amounting  to  about  fifteen  pounds  on 
present  instance  we  shall  be  content  every  sc^uare  inch  of  the  upper  surface 
with  establishing  the /ac/  that  air  has  of  the  piston;  from  which  we  may  infer 
weiirht.  that  a  coluinn  of  air,  having  a  square 

There  are  some  veiy  obvious  effects  inch  for  its  base,  and  which  extendi 
whicli  plainly  indicate  tliis.  It  is  shown  from  the  surface  of  the  earth  to  the  top 
in  our  treatise  on  H  vdrostal  ics,  that  when  of  tlie  atmosphere,  weighs  about  fifteen 
a  lighter  body  is  placed  in  a  fluid  it  as-  j)ounds*.  The  atmos])heric  engine  is  a 
Oends  in  it,  and  that  if  it  so  ascend,  it  machine  whose  efficacy  depeuds  on  the 
must  be  lighter  than  the  fluid  in  which  principle  which  we  have  been  just  ex- 
it moves.  Now  there  can  be  no  doubt  plaining.  In  this  machine  the  weiirht 
that  a  balloon  has  weijjjht,  and  yet  it  of  the  atmosphere  is  usetl  as  a  first 
ascends  in  the  atmosphere.  The  atmos-  mover  in  pressing  a  piston  to  the  bottom 
phere  must  then,  bulk  for  bulk,  be  hea-  of  a  cylinderf. 
vier  than  the  balloon.    Besides  this,  the 

clouds  which  we  see  floating  in  the  at-  •  Itswei/rht  vari«  within  narrow  limits.  a«  r.U 

mosphere  are  Renondly  composod   of  :i;';:^:iV,;;T:nmn.ni3.""''' ""''''"  ~"''"' 

water,  as  is  proved    by  their   frequently  +  in  rjilruUtmgr  the  atn.osphcrie  pressure  on  &nr 

falling    in    ram.       They    have    therefore  surf.ro.  it  is  n-cfssary  to  det4:rnnne  the  numbrrrf 

•    1  1    1     J.       i.           i.  1      1-    1  *       *i         il  Bfiuar«  inrhes  in  thff  Miriarf.     As  ii  often  hainva* 

weight,  but  yet  must  be  lighter  than  the  that  the  snrfare  thus  to  W.  mea^un^  is  ciTCubV.  -I 

atmosphere     in     which     they    are    SllS*  niaylw«H»'ful  tohaveaihortKndwwynile.bywhick 

npnr1<>(1  ^'"*  """»'"''"  '^f  »«|uare  inches  in  a  circle  of  a  rirtti 

ficiiu^u.  dianietiT  n.av  be  fouml.    The  following  role  wiU  k 

It  a  piston  move  m  a  cylinder  so  as  foun.i  to  sprvethm  purpose:— 

to  be  air-tiffht  and  be  i)rovided  with  a  .  ^f^  half  the  diametrr  of  the  circle  exj,rft%eJt» 

•r«1»»     ...u:^u      ^« I  inches  be  fuunii.  and  its  square  taken,  nnd  U*  tku 

valve    which    o|^ns   upwards,    upon  tqnareuiidtipheii  by  ih*\mii^z,u\i^  oMith 
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But  there  is  a  still  more  conclusive  water,  it  follows  that,  bulk  for  bulk, 

argument  that  it  is  the  weight  of  the  water  is  about  840  tiroes  the  weight  of 

Rtmq«>here  whieh  presses  down  the  pis-  air. 

ton     if,  by  a  valve  in  the  bottom  of  the  (11 .)  Many  effects  with  which  we  are 

cylinder,  the  air  be  admitted  below  the  familiar,  and  which   often   excite  our 

piston,    it  will  no  longer  be  pressed  curiosity,  are  accounted  for  by  the  gra- 

down,  or  rather  it  will  be  pressed  both  vitation  of  the  atmosphere.      If  the 

upwards  and  downwards  by  equal  forces,  nozzle  and  the  valve-hole  of  a  pair  of 

and  will  be  indifferent  as  to  its  ascent  bellows  be  stopped,  it  will  be  found  that 

or  descent,  except  so  far  as  tlie  weight  a  very  considerable  force  will  be  neces- 

of  the  piston  itself  will  produce  the  sary  to  separate  the  boards.    This  is 

effect.    This  is  o\Ning  to  a  property  of  owing  to  tne  air  not  being  permitted  to 

air,  by  which  it  presses  equally  m  every  enter  at  the  usual  apertures,  to  resist  the 

direction,  which  we  shall  explain  more  pressure  of  the  atmosi)here  on  the  ex- 

fully  hereafter.   (13.)  ternal  surfaces  of  the  boards.      Shell- 

The  most  direct  proof,  however,  that  fish  which  adhere  to  rocks,  snails,  and 

air  is  a  heavy  substance  is,  that  it  can  other  animals,  have  a  power  by  muscu- 

be  directly  weighed.  lar  exertion  of  expelling  the  air  from 

Let  a  phial  be  providetl,  containing  between  the  surface  of  the  rock  and  the 
not  less  than  two  quarts,  and  having  a  surface  which  they  apply  to  it,  in  conse^ 
stop-cock  screwed  upon  its  neck.  By  quence  of  which  they  are  pressed  upon 
means  of  the  air-pump  or  exhausting  tiie  rock  by  the  atmosphere  NNithaforce 
syringe,  which  will  be  described  here-  of  about  fiflecn  pounds  for  every  square 
after,  the  air  may  be  withdrawn  from  this  inch  in  the  surfece  of  contact.  The 
vessel.  When  this  has  been  done,  and  same  cause  enables  flies  and  other  ani- 
the  stop-cock  closed,  let  it  be  suspended  mols  to  walk  on  a  perpendicular  plane  of 
from  one'  arm  of  a  very  accurate  ba-  glass  or  on  the  lower  surface  of^an  ho- 
lance,  and  an  exact  counterpoise  placed  rizontal  plane,  apparently  suspended  by 
in  the  opposite  scale-pan.  The  empty  their  feet,  and  with  their  bodies  down- 
phial  is  thus  balanced.  When  the  beam  wards.  This  has  lately  been  proved  to 
ceases  to  vibrate  and  becomes  steady,  arise  fi-om  a  power  of  expelling  the  air 
open  the  stop-cock  and  admit  the  air  from  between  their  feet  and  the  surface 
into  the  phial.  It  will  immediately  pre-  on  which  they  tread,  so  as  to  obtain  a 
ponderate,  and  it  \rill  be  found  that  to  pressure  from  the  atmosphere  propor- 
restore  the  equilibrium  a  weight  must  tionate  to  the  magnitude  of  the  soles  of 
be  placed  in  the  opposite  pan,  at  the  rate  their  feet, 
of  about  023  grains  for  every  cubic  foot 

of  air  contained  by  the  bottle.     Since  Chapter  III. 

there  are  lOOU  ounces  in  a  cubic  foot  of  ^y  ,^^  ^^^^,  ^y  ,^^  Atmo*pker»-The 

Barometer, 

prodttet  will  be  the  nwnher  of  tquare  inehet  in  tht 

^'^£^'     ,     .„  .  (12.)  Having  in  the  last  chapter  con- 

Thu  Pile  wjll  give  the  area  of  the  circle  to  within  ciAa-f^^A  \n  o  rvon^v^l   ti.o«r  4K/>oa   -r>t.<-.T^n«. 

one  io,ooo(h  part  of  the  s^mare  of  half  it«  «iiamet*r.  s»dered  m  a  general  wav  thosc  proper- 

The  following:  example  will  serAc  to  Khow  the  anpli-  tlCS  whlch  elastic  flUlds  haVC  lU  COmmon 

Sf-^rhl^^Tr^*"'   ^^ ^^^».*^i?T'"•°^'5'' io ''V.'T  ^'^^^  every  species  of  matter,  we  shall 

91  inches.    The  Do.uare  of  half  thiv  ii  19x12=144.  "^  •  ^                             ^^       i      i        ^i 

Henoe  the  area  will  be  found  thus;  now    examine    morc    particularly    the 

^**  weight  of  the  atmosphere  and  the  me- 
thods of  measuring  it.    It  will  be  neces* 


720  sary  first,  however,  to  mention  a  qua- 

_i**  lity  of  all  fluids,  wjiether  elastic  or  ine- 

lii  lastic,  to  which  we  shall  have  occasion 

_*32 to  allude. 

452  3^60  (13-)  One  of  the  most  striking  proper- 

ties by  which  fluids  are  distin^iished 


'irhirh  exprwie.  the  number  of  square  incbea  inthe  ft-om  solids,   and  that  indeed  whicll  haS 

circle  to  witlun  one  hundred  and  forty-four  lO.OOOtA  «  iii-  i_-.->.i 

of  an  inch.  been  adopted  in  mechanical  science  as 

The  area  may  be  found  without  decimala  by  the  the  definitiont)f  a  fluid,  is  the  quality  bv 

fbllowinff  rule:  Let  the  diameter  of  the  circle  be  «,hirh  it  is  panahlo  of  traruimitiififf  nml 

Mimared,  amd  iti  ioiiare  divided  by  li.    //  the  quote  Wnicn  11  IS  capaoiC  01  ircimtmilling prCS" 

be  mmltiflied  by   l\,  the  product  will  be  the  area  9Ure  equally  Ifi  evcry  direction, 

nearly.    Thus,  in  the  preceding  example,  the  diame-  To  explain  this,  let  US  SUppoSC  a  VCS- 

ferisS4,  the  square  of  which  is  576;  thiau  divided  i     r  i  i   «  i     Aw   Ji     -n 

by  14.  giTfl.  41  A.  which,  being  molUpilU  by  u,  J^l  of  any  shape  completely  filled  with  a 

givM  isa  f.  fluid  and  closed  at  every  part,  so  that 
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the  fluid  IS  confined  within  it,  nnd  hu 
no  opening  through  whith  it  can  ewspc. 
Let  a  hole  l>e  cut  any  wlien-  in  tliis  ves- 
sel of  any  proposed  rangiutude,  ns  a 
■quare  inch,  and  let  the  pieee  cut  out 
be  imapned  to  be  replaoi'd  liy  a  solid 
piston  fiiiinK  the  hole,  so  that'tlie  fluid 
cannot  escape  hetiveen  it  and  the  sides 
oftliehole.  We  shall  suiipose  the  fluid 
inelastic.  Let  a  pressure  equal  to  one 
pound  wcii^t  urire  the  piston  imvards. 
Such  is  the  peculiar  nature  nf  fluidity, 
that  a  preKsurc  of  one  pound  will  he 
exerted  on  evc^  square  inch  of  the 
inner  surface  of  the  vessel,  so  thut  hy 
an  actunl  pressure  anniunlin:;  lo  one 
pound,  an  elfuclive  pressure  of  as  many 
pounds  as  there  are  sipiare  inches  on 
the  inner  surface  of  the  vessel  will  be 
thus  produced.  Tliis  petfcct  power  of 
transmit  till  a  pressure  is  the  specific 
attribute  of  fluids  whether  elnslic  or  in. 
elaslie,  and  it  isthe  mcclianical  property 
whieli  forms  the  basis  of  all  m»ihemttli- 
cnl  treatises  on  the  theory  of  fluids. 

(N.)  We  shall  now  eiiter  more  mi- 
nutely into  Ihe  considiTation  of  the 
veitrhtof  the  atmos-|ihere. 

Let  A  I]  (Jig.  5 .)  be  a  glass  tube  up- 


wards  of  thirty-hvo  inehcs  in  lenutli, 
*Ven  alone  i:\ii7'milv  A,  and  closed  nt 
the  olhcr.  B.    The  tube  having  been 


carefully  cleaned  on  the'  inside,  let  t 
quantity  of  mercuiy  (quicksilver,)  well 
cleansed  and  pureed  of  air  liy  boiling, 
be  jirovided.  Tuniinfr  the  closed  endB 
of  the  tuhe  down,  let  it  be  filled  with 
tlie  mercurj'  through  the  open  end  A. 
Let  a  small  cistern  C  D  be  also  provided, 
and  filled  with  mercury  to  the  bei^t 
C  D,  Placing  the  flneer  firmly  on  the 
end  A,  so  as  to  prevent  the  mereiny 
from  escapini;  out  of  Ihe  tuhe,  let  it  be 
inverti-d,  and  the  open  end  A  plunged 
in  the  vessel  of  mercuiy.  Wlien  the 
mouth  A  i)f  the  tnbe  is  below  the  sur- 
face CD  ofthequiclisilvtT  in  the  cistern, 
let  Ihe  fini^  lie  removed  from  the  aper- 
ture A,  (he  mercurv  in  the  tube  will 
then  be  iil)scr\'ed  to  tall  to  Ihe  height  E, 
about  twcuty-nineorlhirty  inches  above 
the  surtkee  C  D,  and  there,  aftiar  a  fen 
vilirations,  it  will  rest. 

It  must  noUoubt  excite  inquiry,  why 
the  column  ¥  K  of  mercury  remaini 
suspended  in  llic  lube,  and'  wliy,  ai 
miirht  niitui'allv  be  expected,  the  surftee 
E  does  not  fiitf  to  the  level  D  C  of  Ihe 
mereuij'  in  the  eislcm  ?  A  hitle  cons- 
deration  will,  however,  solve  this  difli- 
cnlty.  It  w  ill  be  rem  ember  ed,  that  the 
tuW  lieini;  eloseil  nt  H.  the  space  B  E  is 
a  perfect  void,  in  which  there  is  neither 
ail'  nor  anv  other  fluid.  The  column  of 
mercury  l!  F  llierciuro  p'psses  with  no- 
lliitiir  liut  its  own  wcikrht  on  the  levi^l 
0 1-'  1)  of  Ihe  mercurv  in  the  cistern ;  for 
in  this  pressure  Ihe  wcisht  of  the  atmoi- 
phore  has  no  part,  since  it  is  eschKU-d 
ti-om  above  the  suriiice  of  the  mereiuy 
K.  Tlie  pressure  thus  exerted  at  F,  U- 
the  weiirht  of  the  column  E  F,  is,  ly 
the  pni]UTlv  (if  the  liiiuii!  mercurv  de- 
seriboliu  (i.l).  Ininsmdled  to  the'exte- 
riiir  smfiU'e  I '  F  of  the  mercury  in  the 
eisleni,  and  cives  that  sinface  atondencr 
to  rise  wilh  an  equivalent  force.  Tliat 
1hi«  siufiiee  tmuM  rise  is  certain,  were 
it  not  resisktl  by  ,1  force  occura.tely  equal 
and  oppiisile  hi  that  wc  have  just  nicn- 
honcil.  TliiM  fm'ce  is  Ibe  weiirht  of  )he 
alnuisphcre  itself  restins:  on  the  surfu'i' 
C  F.  TliUB,  then,  it  iippenrs  that  the 
a1  nios]iln>ri'  must  necessarily  press  on 
Ihe  siirtaee  I!  F  wilh  a  force  exactly 
eqiiiil  lo  that  with  which  Ihe  weiiiht  of 
the  column  of  mercury  FE  presses  on 
tiie  li'vel  F. 

If  we  were  to  suppose  the  base  of  the 
colujnnFE  lobe  equal  to  a  square  inch, 
it  wiudil  Iherefoix-  follow  thut  the  b1- 
inosi'here  presses  on  cveiy  stpinre  inch 
of  Ihe  surface  of  the  mercury  in  the  ci«« 
ttin  CD,  ttiUi  a  forcu  equal  to  the 
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weight  of  a  column  of  mercury,  whose  about  thirty-two  perpendicular  feet :  at 

base  It  a  iquare  inch  and  whose  height  the  same  time  it  will  be  found  that  the 

II  FE.  column  of  mercury  suspended  in  the 

It  ought  appear,  that  in  this  experi-  barometric  tube  wul  be  about  twenty- 

ment  the  weight  of  the  column  of  mer-  eight  perpendicular  inches.    If,  then, 

cury  F  E  suspended  in  the  tube  must  be  the  weight  of  the  atmosphere  be  the 

eaual  to  the  total  pressure  on  the  surface  cause  which  sustains  both  the  water  and 

or  the  mercury  in  the  cistern,  and  that,  the  mercury,  we  may  expect  to  find  that 

therefore,  (supposing,  as  before,  tlie  base  a  column  of  water  thirty-two  feet  high, 

of  the  column  m  the  tube  to  be  equal  to  and  a  column  of  mercury  twenty-eight 

a  square  inch,)  this  pressure  being  dis-  inches  hisjh,  ought  to  have  the  same 

tiibuted  over  as  many  square  inches  as  weight  when  they  have  the  same  base. 

are  in  the  surface  of  the  mercury  in  the  To  determine  whetlier  this  be  the  case, 

cistern,  the  proportion  of  pressure  by  let  equal  measures  of  mercury  and  wa- 

which  the  ascent  of  each  square  inch  ter  be  a(rcurately  weighed,  and  it  will  be 

must  be  resisted,  is  as  many  times  less  fbund  tliat  the  mercury  is  about  thirteen 

than  the  weight  of  the  column  FE,  as  and  a  half  times  heavier  than  the  water. 

the  surface  of  the  mercury  in  the  cistern  Hence  we  perceive,  that  a  column  of 

is  ^eater  than  the  base  of  the  column,  water,  whose  base  is  a  square  inch  and 

This,  however,  is  not  the  case ;  for  it  is  whose  height  is  thirteen  inches  and  a 

the  peculiarity  of  fluids,  not  merely  to  half,   will  have  the  same  weight  as  a 

transmitpressureeq^ually  in  every  direc-  column  of  merciuy  whose  base  is  a 

tion,  but  to  transmit  whatever  pressure  square  inch  and  whose  height  is  one 

is  everted  on  any  one  part  of  its  surface,  inch.    Hence  it  appears  that  columns  of 

undiminished,   to   every  part  equal  in  water  and  mercmy,  with  equal  bases, 

magnitude  with  the  first.  will  have  equal  weights,  if  the  column 

(16.)  If  a  scale  be  adapted  to  the  tube  of  water  be  thirteen  and  a  half  times 

A  B,  in  the  apparatus  which  we  have  the  height  cf  the  mercury.     In  the  pre- 

iust  de8cril)ed,    suited  to  indicate  the  sent  instance,  the  height  of  the  water  is 

height  of  the  column  of  mercury  F  E,  32  feet,  or  384  inches  ;  and  tliat  of  the 

it  will  become  a  barometer*,  which  is  an  mercury  is  28  inches.    If  384  he  divided 

instrument  constructed    to    determine  by  134,  the  quotient  will  be  nearly  28 

the  weight  of  the  atmosphere.  It  should  inches. 

be  observed,  that  the  height  of  the  mer-  If  similar  experiments  be  tried  upon 

cury  in  the  barometric  tube  will  be  the  other  fluids  of  difterent  specific  gravi- 

same,  whatever  be  the  bore  of  the  tube,  ties,  it  will  be  found  that  they  will  be 

Thus  it  is  the  height  of  the  column,  and  sustained  at  difterent  altitudes  in  Uieir 

not  its  absolute  weight,  which  measures  respective  tubes ;  but  tliat  if  the  weights 

the  weight  of  the  atmosphere.  of  the  several  columns  be  determined  as 

That  it  is  the  weight  of  the  atmos-  above,  they  will  be  found  to  be  equal. 
phere  which,  pressing  on  the  surface  of  When  the  barometric  column  is  thirty 
the  mercury  in  the  cistern,  sustains  the  inches,  the  atmosphere  presses  with 
column  of  mercury  in  the  tul)e,  will  be  about  15  lbs.  av.  on  the  square  inch ; 
made  manifest  by  breaking  the  upper  and,  therefore,  in  general,  we  may  esti- 
cnd  B  of  the  tube,  and  admitting  the  air  mate  the  pressure  nearly  by  allowing 
to  press  on  the  mercury  E.  The  conse-  1  lb.  for  every  two  inches  m  the  column, 
quence  will  be,  that  the  mercury  in  the  (16.)  In  the  construction  of  a  baro- 
tube  will  fall  to  the  level  F  of  the  mer-  meter  which  will  give  an  exact  measure 
cury  in  the  cistern.  of  the  atmospheric  pressure,  there  are 
There  is  another  very  satisfactory  many  circumstances  to  be  attended  to, 
proof  that  the  weight  of  the  atmosphere  the  details  of  which  would  be  unsuitable 
IS  the  c2use  which  sustains  the  mercury  to  the  present  treatise.  It  may  not, 
in  the  tube.  If  a  tube  of  more  than  however,  be  uninteresting,  and  certainly 
thirty-four  feet  long  be  immersed  in  a  not  uninstnictive,  in  a  general  way,  to 
cistern  of  water,  and  the  air  be  with-  state  some  of  the  most  important  pre- 
drawn from  it,  by  means  which  shall  be  cautions  to  be  taken  in  the  construction 
hereafter  explained,  the  water  will  rise  of  this  instrument, 
according  as  the  air  is  expelled ;  but  the  In  order  that  the  weight  of  the  column 
ascent  oi  the  water  will  be  limited  to  suspended  in  the  tube  should  be  exactly 

— equal  to  that  of  a  column  of  the  atmoa- 

•  From  two  Gmk  words,  fimfn  (haw),  veiyht,  pl^cre,  of  an  equal  base,  it  is  evidently 

m<  ju^fm  (mutwt^  wmtm4.  necessary  tliat  tlie  space  in  the  tttM 
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Aoove  the  mercury  should  be  a  perfect  one  inches.    Thus,  supposing  the  bvo* 

Yacuiim  ;  for  if  it  be  occupied  by  any  metric  tube  to  be  perpendicular,  the  sur- 

fluid,  this  will  press  on  the  surface  of  the  face  of  the  mercury  in  it  has  a  range  of 

mercurj'  in  the  tube,  and  tlie  real  weigcht  three  inches. 

of  the  atmosphere  will  be  equal  to  that        This  variation  of  the  heieht  of  the 

of  the  mercury  suspended  in  the  tube,  mercury  in  the  tube,  unitea  with  the 

a)gether  with  the  pressure  of  the  fluid  necessity  of  measiuing  the  solumn  from 

above  it.  the  surface  of  the  mercury  in  the  cistern. 

To  prevent  the  existence  of  any  air  sujjcjests  a  circumstance  which  should 

or  othir  fluid  in  this  space,  two  precau-  be  attended  to  in  the  construction  of  a 

lions  are  necessan' :  first,  the  mercury  barometer. 

must  ))e  well  purilied  before  it  is  intro-        As  the  surface  E  of  the  mcrcivry  falls 

duced  into  the  tube  ;  and,  secondly,  the  in  the  tube,  the  surface  C  F  of  the  mer- 

interior  of  the  tuV)e  itself  must  be'  ren-  cury  in  the  cistern  must  necessarily  rise; 

dered  jK'rfectly  clean.  since  the  mercury,  which  is  discharged 

Mercur)-,  iii  its  ordinary  state,  gene-  from  the  tube,  is  thrown  into  the  cistern : 
rally  conianis  a  quantity  of  air  incoifo-  and,  on  the  other  hand,  when  tlie  surface 
rated  with  it,  or  fixed  m  it :  by  boilini^  E  of  the  mercury  in  the  tube  rises,  that 
t,  this  air  is  rendered  hiirhly  elastic,  and  C  F  of  the  mercury  in  the  cistern  must 
it  accordinirly  disengages  itself,  and  /a//.  Tlius  the  two  surfaces  move  always 
escapes  at  the  siuiace.  If  this  air  were  together,  and  in  opposite  directions, 
permitted  to  remain  in  the  mercury  It  must,  therefore,  be  evident,  that  if 
when  introduced  into  the  tube,  it  would  the  scale,  by  which  the  distance  between 
escape  from  it  when  the  mercury  would  these  surfaces  is  measured,  be  fixed, 
be  relieved  from  the  atmospheric  pres-  two  obser\'ations  would  be  necessary  to 
sure  by  invertinir  the  tube  in  the  cistern,  determme  the  height  of  the  column.'  To 
and  would  rise  in  bubbles  at  the  top,  and  avoid  this,  the  cistern  is  usually  con- 
thus  would  occupy  the  part  of  the  tul)e  structed  of  ver}' considerable  dimensions 
above  the  mercur)-,  and  exert  a  pressure  in  comparison  with  those  of  the  tube; 
on  its  surface— an  effect  which  is  piuli-  so  that  the  cubic  quantity  of  mercury 
cularly  to  be  avoided,  contained  in  tlu-ee  inches  of  the  tul>e, 

Particles  of  moisture  and  air  are  apt  can    produce    a    very    inconsiderable 

to  adhere  to  the  interior  surface  of  the  change  in  the  level  of  the  mercury  in 

tube  :  these  are  also  removed  by  heat,  the  cistern. 

On  introducing  the  cleansed  mercury        (18.)  Such  a  barometer,  although  suf- 

into  the  tube,  it  will  even  contribute  to  flcient  for  the  more  popular  purposes, 

the  perfection  of  the  instrument  to  boil  docs  not  give  all  the  accuracy  requisite 

it  in  the  tube:  this,  which  can  be  done  for  some  more  scientific  investigations, 

without  much  difficulty,  will  at  once  dis-  Acconiingly,   contrivances    have   been 

engage  from  it  the  i)ai tides  of  air  and  adopted  for  regulating  tlie  level  of  the 

moisture  which  may  remain  either  in  mercury'  in  the  cistern,  among  which  the 

the  mercury  itself  or  on  the  tube.  following  is  worthj  of  notice : 

(17.)  In  estimatinu:  the  weight  or  The  glass  tube  is  enclosed  in  anotlicr 
pressure  of  the  atmos])here  by  a  baro-  of  brass,  in  which,  however,  a  longiiu- 
inetric  tube  thus  prepared,  it  is  neccs-  dinal  aperture  DE  (Jfg.  6.)  is  cut^ex- 
sary  to  measure  the  height  E  of  the  tentling  from  the  lowest  to  beyond  the 
mercuiy  in  the  tube,  above  the  surface  highest  altitude  of  the  mercury- ;  so  that 
F  of  the  mercury  in  tlie  cistern.  There-  tlie  whole  play  of  the  barometer  is  in- 
fore,  the  graduation  of  the  scale  by  which  eluded  between  D  and  E.  The  cylindri- 
this  height  is  measured,  should  be  taken  cal  cistern  A  B,  in  which  the  \\\\^  is 
from  the  surface  of  the  mercuiy  in  the  plunged,  has  a  bottom  B  moveable  by 
cistern.  It  is  found  that  the  weight  of  a  screw  V ;  so  that  it  may  be  raised 
tlie  atmosphere  is  subject  to  very  irre-  and  lowered  at  pleasure,  and  a  corrc- 
gular  changes,  being  at  one  time  capable  sponding  motion  given  to  the  level  of  the 
of  sustaining  a  greater  column  of  mer-  mercur}'  in  the  cistern.  An  ivory  index 
cury  than  at  anoiher;  and  one  of  the  is  attached  to  the  top  of  the  cistern, 
most  common  and  interesting  uses  of  with  a  fine  point  P,  which  marks  the 
the  barometer  is  to  mark  these  changes,  level  from  which  the  divisions  of  the 
The  weight  of  the  atmosphere  is  never  scale  CF  are  measured.  When  the  height 
less  than  what  sustains  a  column  of  of  the  barometric  column  is  to  be  ob- 
mercury  of  twcnty-eic:ht  inches,  nor  served,  the  screw  V  is  to  be  turned,  un- 
greater  tlian  what  supports  one  of  thirty-  til  the  point  P  meets  the  surface  of  the 
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I  tnily  verticu 
I,  the  ftltilude  then 
I  by  the  scale  C  F 

the  height  of  the 
ter. 

le  scale  C  F  a  rer- 
notiiiu  may  be  at- 
to  f^ve  greater  ac- 
to  llie  observation, 
:h  the  divisions  can 
1  to  the  one-hun- 
ppirt  of  an  inch. 

In  order  to  com- 
aromelric  oliserva- 
roade  at  diRerent 
r  places,  it  h  ntces- 
I  observe  the  tcm- 
e  of  Ihe  mercury 
compotes  the  baro- 
column.  For  raer- 
ke  all  other  bodies, 
ed  by  heat;  so  that 
ercnt  temperatures 
ne  weight  of  mer- 
taiids  at  different 
in  the  lube.  Tables  are  accord- 
instructed,  iind  rules  given,  by 
he  lieights  of  the  mercury  in  the 
ter  may  be  reduced  to  what  they 
be,  if  the  temperature  of  the 
f  had  been  fixed,  and  the  same 
of  melt  ill  <;  ice. 

The  entire  play  of  the  mercury 
barometer  not  exceeding  three 
minute  variations  in  the  weight 
-tmosphere  will  produce  so  small 
^  in  the  altitude  of  the  column, 
e  observation  of  it  is  attended 
insiderable  dilficulty.  Various 
inces  have  been  su^ested  to  in- 
he  ran^e  of  the  merciity  in  the 
id  render  small  changes  peroep- 
me  of  the  most  obvious  would  be 
a  lighter  fluid,  instead  of  mer. 
ut  to  this  there  are  various  prac> 
yections.  The  following  con- 
•»  for  enlajging  the  scale  may  be 
led:— 

The  diagonal  barometer  is  one 
h  the  lutM  AB  {/§■.  7.)  is  bent 
e  vertical  position,  at  a  point  C 
n  twenty-eight  inches  from  Ihe 
of  the  mercury  in  the  cistern  ; 

inflected  part  of  such  a  length, 
e  perpendicidar  altitude  of  its 
ty  B  above  A,  shall  exceed  31 

To  delennine  the  relation  be- 
he  scale  of  such  a  barometer  and 
imon  vertical  one,  let  the  line  A 
ontinued  upwards  from  C,  until 
the  boriiontal  Une  B  D  drawn 


made    as   for  the  : 
vertical  barometer,  ! 
and     parallels     to 
BD,  from  its  points 
ofdivision,willeive 

the  scale  for  C  B.  ,    , 

It  is  evident  that  "' '* 

the  divisions  wilt 
thus  he  enlarged, 
in  proportion  aa  the 
tube  C  B  is  deflect- 
ed from  the  vertical 
position  C  D. 

(22.)      Another 
contrivance  for  in- 
creasing the  scale, 
is  the  toheel-baro- 
meter.  This  instru- 
ment consists  of  a 
bent   tube    ABC 
iflg.  8.)    closed  at  A,  and    so  that 
ihc  distance  C  A  shall  not  be  less  than 
about  thirty-one  or  thirty-two  inches : 
the  end  C  being  open,  the  tube  is  filled 
with  mercuiy.    The  mercury  will  sub- 
side in  the  leg  A  B  until  the  differencs 
of  the  levels  EF  will  be  |, 
equal  to  the  height  of  a  JHA 
column    of    quicksilver  || 
which  balances  the  pres-      ^ 
sure  of  Ihe  atmospnere,  Jff.B. 

and  eveiy  change  in  the 
level  ofE  will  be  accompa- 
nied by  an  equal  change, 
but  in  the  opposite  direc- 
tion, in  the  surface  F;  f 
that  the  change  in  ll- 
height  of  the  barometric 
column,  is  double  the 
change  of  the  level  F.  On 
the  level  F  there  floats  a 
small  iron  ball,  to  which 
a  string  is  attached, 
which  is  passed  c 
pulley  I',  and  to  wl 
weight  W  less  thai 
of  the  ball  V  is  suspended. 
The  axis  of  the  pulley  P 
passes  through  the  centre 
of  a  large  graduated  cir- 
cular plate  G,  and  camea  «n  hand  or 
index  H,  which  revolves  when  the  pulley 

In  this  apparatus,  when  the  mercury  E 
rises,  and  F  falls,  the  floating  ball,  not 
being  completely  balanced  ty  W,  fall! 
with  it.  The  string  being  pressed  bv 
the  weights  on  the  wheel  P,  turns  it, 
and  with  it  the  index  which  plays  on  the 
graduated  circular  plate.    The  conlraiy 
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effect  takes  place  when  £  falls  and  F    of  all  the  superior  strata,  and  by  this 
risers.    It  is  evident  that  the  scale  on    compression  its  density  is  increased.  As 
which  the  index  plays  may,  in  this  case,    we  ascend  in  the  atmosphere  the  quan* 
be  enlarged  at  pleasure.  tity  of  superior  strata  is  gradually  dimi- 
There  are  various  other  contrivances    nished,  and  the  compressing  force  and 
for  eular^nc^  the  scale  of  the  barometer,  density  proportionately  diminished.  This 
and  other  circumstances  connected  with    change  of  density  from  level  to  level 
its  construction,  which  we  feel  ourselves  renders  the  computation  of  heights  by 
precluded  from  entering  on,  by  our  ne-  the  barometer  somewhat  more  complex; 
cessary  limits ;  but  the  student  who  is  but  this  would  throw  but  little  difficulty 
desirous  of  further  information  on  the  in  the  way,  if  the  density  varied  accord- 
subjed,  will  find  them  treated  of  at  large  ing  to  some  fixed  and  known  law,  and 
in  most  works  on  mechanical  science,  which  would  probably  be  the  case  if  the 
See  Gregory's  Mechanics,  vol.  ii.  119  ;  temperature  of  the  air  at  all  elevations 
Biot,  Physique,  torn.  i.  p.  09.  were  the  same.    This,  however,  is  not 
(2:^)  As  we  ascend  to  greater  heights  the  case.    The  temperature  decreases  as 
it  is  natural  to  expect  that  tlie  atmos-  the  height  of  the  station  increases  ;  but 
pheric  pressure  will  be  diminished,  there  not  regularly,  nor  according  to  any  fixed 
being  a  much  less  portion  of  at  mospliere  rule.    The  irregular  variation  in  tem- 
above  us  ;  and  therefore  the  altitude  of  perature  produces  an  irregular  variatioa 
the  barometric  column  should  be  pro-  m  density,  and  therefore  produces  an 
portionably  lessened.    And  this  we  find  irregular  variation  in  tlie  change  of  the 
m  fact  to  be  the  case.    If  a  barometer  barometric  column.     Notwithstanding 
be  canied  to  the  top  of  high  mountains,  these   irregularities,    rules   have    been 
or  taken  up  in  a  balloon,  the  level  of  determined,  founded  mainly  on  the  prin- 
tlie  mercury  in  the  tube  will  be  obser>etl  ciple  to  which  we  have  alluded,  by  which 
to  fidl  as  the  elevation  of  the  instrument  the  ilifference  of  levels  of  two  places 
increases.    At  the  level  of  the  sea  the  may  be  computed,  when  the  heignts  of 
medium  height  of  the  bai'ometric  co-  the  barometer  and  thermometer  at  the 
lumu  is  twenty-eight  inches,  and  at  the  two  places  are  known, 
top  of  Mount  St.  Bernaid  it  is  only  (24.)  The  changes  in  the  altitude  of 
fourteen  inches.    If  the  atraos[)herc  re-  the  mercuiy  in  tlie  bai'ometer  which  we 
mained  idways  in  the  same  state,  and,  have  just  been  considering,  have  pro- 
like  water,  had  at  all  heights  the  same  ceeded  from  tlie  change  in  the  altitude 
densitj',  tlie  barometer  would,  by  the  of  the  barometer  itself,  with  respect  to 
property  we  have  just  mentioned,  serve  the  earth's  surface.    But,  besides  this, 
as  an  accurate  measure  of  the  difference  even  when  the  place  of  the  instrument 
of  levels  of  two  stations,  or  the  differ-  is  not  changed,  when  it  remains  sus- 
ence  of  their  jierpendicular  heights  above  pended  in  the  same  chamber,  tlie  surtace 
the  level  of  the  sea.    For  since  the  co-  of  the  mercury,  as  we  have  stated,  is 
lumn  of  mercury  suspended  in  the  tube  subject  to  rise  and  fall.   Tliis  effect  pro- 
at  each  place  is  equal  to  the  weight  of  ceeds  from  a  change  in  the  state  of  the 
the  column  of  atmosphere  of  the  same  atmosphere,  and  being  continually  ob- 
base,  extending  fiom  that  place  to  the  ser\'edinconnexion  with  the  state  of  the 
top  of  the  atmosphere,  it  would  follow  weather,  it  has  been  attempted  to  esta- 
that  the  dificrence  of  the  heights  of  the  blish  ndes,  by  which  changes   of  the 
columns  (reduced  to  tlie  same  tempera-  weather  may  be  predicted  from  the  va- 
ture  (27.) )  would  be  equal  to  the  weight  riations  in  the  altitude  of  the  barometric 
ofa  column  of  atmosphere,  whose  height  column.    Hence  the  barometer  is  also 
is  equal  to  the  difference  of  the  levels  of  called  a  tceather-gkuts.     It  is  proper, 
the  two  places.     If  then  the  height  of  however,  to  observe,  that  even  tne  best 
a  column  of  air,  corresponding  to  that  established  rulesfor  determining  changes 
Qf  a  column  of  one  inch  of  mercury,  be  of  the  weather  by  tlie  barometer,  are 
.iown,  it  would  only  be  necessjiry  to  very  far  from  l>eing  either  general  or 
multiply  this  height  by  the  number  of  certain.    Tlie  rule  "which  seems  most 
inches  by  which  the  barometric  altitudes  generally  to  obtain  is,  that  the  mercury 
at  the  two  iilaces  differ,  to  obtain  the  is  low  in  high  winds  ;  but  even  tliis  fre- 
difference  of  levels.  quently  fails.    It  is  scarcely  nccessaiy 
But  the  density  of  the  air  is  not  the  to  observe,  that  the  words  rain,  /air, 
same  at  different   lieights.     Air  being  changeable,  &c.  engraved  on  the  plates 
clastic,  each   inferior    strat uni   suffers  of  common  barometers,  are  entitled  to 
'ynDprciisiou  from  tiie  incumbent  we\^\A  ivo  ^\.Vftu\iQ\:u   'CW^  changes  of  weatiKT 
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not  fo  moeh  indieated  by  the  actual 
height  of  the  mereuiy  aa  by  ita  varia* 
tiona  in  hei^t.  The  following  nilea 
may,  in  a  certain  degree,  be  relied  on,  aa 
ecvTeaponding  generally  to  the  concomi- 
tant changea  in  the  barometer  and  the 
weather: — 

1.  Omeratty^  the  rising  of  the  mer- 
emry  indicates  the  uyproacn  of  fiiir  wea- 
ther ;  the  fiilling  of  it  that  of  foul  wea- 
ther. 

2«  In  hot  weather  the  fall  indicatea 
thunder. 

3.  In  winter  the  rise  indicates  frost, 
and  in  frost  the  fall  indicates  thaw,  and 
tha  rise  snow. 

4.  If  fair  or  foul  weather  immediately 
IbUowa  the  rise  or  fall,  little  of  it  is  to 
be  expected. 

5.  If  fair  or  foul  weather  continue  for 
iome  days,  while  the  mercury  is  falling 
or  rising,  a  continuance  of  the  contraxy 
weather  will  probably  ensue. 

a.  An  unsettled  state  of  the  mercury 
indicates  changeable  weather. 

By  these  rules  it  will  be  seen  that  tha 
words  engraved  on  the  plate  are  fre- 
quently calculated  to  mislead  the  ob- 
server. Thus,  if  the  mercunr  be  QX,much 
rofit,  and  rise  to  changetMe,  fair  wea- 
ther is  to  be  looked  for.  Again,  if  it  be 
at  iet/air,  and  fall  to  changeable,  foul 
weather  may  be  exx)ectcd. 

Chaptbr  IV. 
0/  the  Eiasiicity  of  Atr. 

(29.)  We  have  already  mentioned  the 
property  which  fluids  in  general  possess 
of  transmitting  pressure  (13.)  Air  and 
other  elastic  flmds  possess  this  quality 
aa  perfectly  as  liquids,  but  thei-e  are 
some  circumstances  attending  the  man- 
ner in  which  they  exert  it  which  must 
be  attended  to.  If  we  suppose  tlie  closed 
Yessel  ABCDEPGH  (Jig.  9.)  de- 
scribed in  (13,)  to  \ye  lulled  with  air  in- 
stead of  water,  while  the  air  is  of  the 
aame  density  as  the  free  external  air, 
let  the  piston  P  be  laid  upon  the  aper- 
ture a  6  so  as  to  confine  the  air,  but  not 
compress  it  or  reduce  its  bulk. 

From  the  apertiu*e  ab  let  a  cylinder, 
open  at  both  ends,  enter  the  vessel  to 
any  distance  cd.  Upon  urging  the  pis- 
ton with  any  pressure,  as  one  pound,  it 
will  enter  the  cylinder  to  a  certain  <hs- 
tance  a*  6'  {fig,  1 0.)  at  which  its  further 
progress  will  be  arrested  by  the  increas- 
ed resistance  of  the  confined  air  becom- 
ing equal  to  the  urging  pressure.  In 
Xm  state  of  the  apparatuii  everypart  of 


the  inner  sur&ee  of  the  tenel  will  iua- 
tain  a  bursting  pressure  amounting  to 
one  pound  on  every  square  inch,  sup- 
posing that  to  be  the  magnitude  of  the 
aperture  ab.  Thus  the  air  or  other 
elastic  fluid  haa  the  same  extraordinary 
&cilitv  in  transmitting  pressure  aa  we 
already  ascribed  to  liquids  or  inelaatio 
fluids.  The  only  difference  between  the 
cases  is,  that  the  elastic  fluid  yields  to 
the  incumbent  pressure,  and  suffera 
itself  to  be  driven  into  a  diminished 
space,  while  it  transmits  the  incumbent 
pressure  to  the  inner  surface  of  the  ves- 
sel in  which  it  is  confined. 

(2G.)  The  next  property  of  air  which 
calls  our  attention  is  its  elasticity,  a 
property  intimately  connected  with  the 
last-mentioned,  though  not  dependent 


on  it.  This,  as  we  have  already  stated, 
is  the  line  of  distinction  between  gase- 
ous fluids  and  liquids. 

In  the  apparatus  which  has  been  just 
described,  the  air  confined  in  the  vessel 
yielded  to  the  pressure  which  urged  the 
piston  P,  so  as  to  allow  the  piston  to 
enter  the  cylinder  ;  WX.^'e  \k4»js^  ww 
the  piaton  cou^xnokk^  V!i;)ft  i»xn,^^^^  yc^ 
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that  an  uniform  law  ^< 
of  etnstic  force,  arising  from  the  dimi- 
nishud  bulk  of  the  air,  which  is,  that  lAe 
rlatlic/Orcii,  or  tht  prrnxure  e.rertfd  6y 
the  air  iigainst  the  tidts  of  the  vessel 
tehieh  eoniairis  it,  i>  incrtaiicd  in  pre- 
ristiy  the  tame  jimjiorliiin  o*  Me  space 
wAitk  it  nceupiex  ir  diiiiinishfd.  To 
establish  this  remarkable  law  some  fur- 
IhtT  explanation  will  be  necessary, 

Ut  Rsyplion  liilie  ABC  (M-  ".), 
open  nt  both  ends,  be  rilled  to  the 
level  j.'y  with  inercurj-.  Tlie  air  which 
fills  the  tube  will  tlien  have  the  same 
density,  and  be  in  all  oUicr  respects 


w 


similar  to  the  external  Hlmospherc.  Let 
the  end  C  be  now  closed,  so  as  to  pre- 
vent the  escajx?  of  air,  and  let  lliu  level 
y  of  the  mercury  in  the  closed  lei;  be 
marked  on  the  CKterior  surface  of  1be 
tube.  Let  mercury  be  Hien  poured  in 
at  the  open  end  A ;  as  this  fills  the  lei; 
AB,  it  will  press  wilh  its  entire  weiirht 
upon  the  mcrcurj-  .v  B  y.  and  force  it  up 
in  the  lube  H  C.  The  air  in  this  tube 
mil  then  he  ri'dueed  in  bulk,  or  con- 
densed. Iict  the  mercury  be  poiired  in 
at  A,  until  the  mercury  in  B  (3  rises  to 
half  the  height  y  C,  so  that  its  surTiicc 
b«nK  at  *,  C  2  will  be  half  of  C  y.  The 
sir  which  orii^inally  filled  the  space  C  y 
ii  now  confined  ti>  half  tliat  space  C  r. 
It  exerts  a  pressure  on  tlie  surf:ice  Jr, 
irliich  suppoi-U  a  coJumu  of  mercury. 


whose  height  is  equal  to  the  diStmoe 
between  the  levels  e  and  r,  togcths 
with  the  weight  of  the  abnosphen 
pressing  on  the  surface  e.  Now,  in  its 
original  stale,  before  any  mercury  had 
lieen  poured  in  at  A,  it  supported  o<iAr 
the  weight  of  the  atmosphere  on  x.  u 
the  difierence  of  the  levels  x  and  e  he 
now  measured,  it  will  be  found  to  be 
exactly  equal  to  the  height  of  the  baro- 
meter, thereby  indicating  that  the  force 
which  presses  on  the  surface  x,  is  equal 
to  twice  the  weight  of  the  atmosphere. 
Thus  it  appears,  that  when  air  is  con- 
densed into  half  the  bulk  which  it  occu- 
pies when  free,  it  exerts  double  the 
Cressure.  In  like  manner,  if  mercuTy 
e  poured  in  at  A,  until  tbe  au-  in  Cy 
is  reduced  to  one-third  of  its  bulk,  it 
will  be  found  to  exert  three  limes  il* 
original  pressure;  and  so  on.  Hence 
we  may  in  general  infer,  that  the  claslic 
force  with  which  confined  air  presses 
against  the  sides  of  the  vessel  which 
encloses  it,  is  equal  to  the  furce  which 
was  neeessary  to  condense  il ;  and  that 
botli  of  these  increase  in  precisely  the 
same  ratio  as  the  space  occupied  bj'the 
air  is  diminished.  Since  the  density  uf 
any  fluid  increases  in  the  same  propor- 
tion as  the  snace  it  occupies  is  dimi- 
nished, it  follows  also  thai  the  eliatie 
/orre  o/air  or  other Jiuid  is proportiomU 
to  ils  donsiiy. 

This  law,  though  generally  true,  is 
not  founil  lo  l)e  exact  in  extreme  cases 
both  of  condensation  and  rarefaction. 
When  a  high  degree  of  condensation 
is  rec[uired,  a  greater  degree  of  com- 
pressing force  is  found  to  Iw  necessary 
than  that  which  would  result  from  the 
above  law.  If  an  external  pressure  of 
1 5  lbs.  on  each  square  iuch  Iw  sufficient 
to  confine  almosphcric  air  in  ils  ordi- 
narj'  slate,  it  would  only  require  a  pres- 
sure of  1911  lbs.  on  the  square  inch  to 
confine  il.  when  reduced  to  one-tenth  iif 
its  bulk  by  compression,  but  it  is  found 
to  require  a  somewhat  greater  force.  In 
other  wonls,  when  a  great  degree  of 
eondensalion  is  effected,  the  elasticily 
of  air  increases  in  a  somewhat  liigher 
ratio  I  ban  the  density. 

In  like  manner  we  find,  that  in  high 
degrees  of  r.irefaction  the  low  is  al^o 
not  precise,  highly  rArefied  air  having 
a  loss  degree  of  elasticity  than  that 
which  would  l>e  consistent  with  the  Liw. 
Tliis,  indued,  is  aneeeKsary  consequence 
of  llie  former,  or  rather  it  may  be  con- 
sidered as  anotlier  way  of  expressing  the 
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(27.)  Througliout  all  this  process,  means  of  the  air-pump.  As  the  air  is 
however,  we  have  supposed  that  the  gradually  withdrawn,  the  bladder  will 
temperature  of  the  air  remains  the  same,  apparently  become  inflated,  and  will  at 
For  if  the  temperature  be  elevated,  an  length  assume  the  same  appearance  as 
increase  of  elasticity  will  ensue,  without  if  a  quantity  of  air  had  been  forced  into 
any  change  in  the  density  ;  nay,  even  it.  But  no  air  has  been  introduced  into 
with  a  diminution  of  the  density.  For  it,  nor  does  it,  when  thus  apparently  in- 
if  a  flaccid  bladder  be  securca  at  the  Hated,  contain  more  air  than  it  did  when 
mouth  so  as  to  stop  the  transmission  of  in  its  flaccid  state.  What  then,  it  will  be 
air.  and  be  then  heated,  the  air  within  it  asked,  produces  the  apparent  illation  ? 
will  expand  by  its  increased  elastic  On  tlie  removal  of  the  air  from  the 
force,  and  at  length  tlie  bladder  will  be  receiver  by  means  of  the  pump,  its 
perfectly  tilled,  and  have  a  tendency  to  pressure  on  the  external  surface  of  the 
Durst.  In  this  instance,  the  increased  bladder  is  removed  ;  the  elastic  force  of 
space  occupied  by  the  air  in  the  bladder,  the  air  contained  in  the  flaccid  bladder 
proves  that  its  density  is  diminished  ;  is  then  no  longer  opposed  by  the  resist- 
notwithstanding  which,  its  elastic  force  ing  pressure  of  the  external  air,  and  it 
is  increased.  accordingly  takes  effect ;  and  its  pres- 

(28.)  liquids  transmit  pressure  only  sure  on  tne  inner  surface  of  the  bladder 

when  some  mechanical  force  produces  swells    it  in   the  same    manner  as  if, 

a  corresponding  pressure  on  some  part  while  the  pressure  of  the  external  air 

of  Uieir  surface.    Elastic  fluids,  how-  remained,  the  pressure  of  the  confined 

ever,   exert  a  pressure  quite  indepen-  air  had  been  increased  by  the  introduc- 

dently  of  this.    To  explain  this  more  tion  of  an  additional  quantity.     In  this 

fully,  let  AB  {Jig»  12.)  be  an  horizontal  case,    the  inflation  or  swellmg  of  the 

tube,  filled  xnth  a  liquid,  and  closed  at  bladder  is  produced  by  a  very  different 

both  ends.    If  we  set  aside  the  tendency  cause  from  that  which  produced  it  when 

of  the  fluid  to  fall  out  at  the  ends  by  its  heated.  (27.)     In  that  case,  while  the 

weight,   the  ends  sustain  no  pressure  pressure  of  the  atmosphere  on  the  ex- 

from  it*    If  any  pressure  be  exerted  at  temal  surface  remained  the  same,  the 

elastic  force  pressing  on  the  interior  sur- 
ety. 1^  face  was  increased  by  heat.    On  the 
JL                                            B  other  hand,  in  the  present  instance,  the 

'., !^ I  elastic  force  of  the  air  contained  in  the 

bladder  is  less  after  it  has  swelled,  and 

one  end  A  by  a  piston,  the  other  end  B  apparently  filled,  than    it    was   when 

will  sustain  an  equal  pressure  ;  but  upon  flaccid.    For  the  air  it  contains  conti- 

removing  the  pressure  at  A,  the  other  nues  of  the  same  temperature,  while  the 

end  B  will  be  immediately  relieved  from  space    it    occupies    is   increased.     Its 

it.     Now,  if,  instead  of  a  liquid,  we  density,  and  therefore  its  elastic  force 

suppose  the  tube  filled  with  air,  the  case  (26.),  are  thus  diminished.    The  cause 

will  be  quite  otherwise ;  for  each  end  of  apparent  inflation  is  tlie  dinunution 

will  then  sustain  a  pressure  outwards,  of  the  external  pressure  of  the  atmos- 

hy  reason  of  the  elasticity  of  the  air,  and  phere  by  the  pump ;  so  that  altliough 

which  wll  be  equal  exactly  to  the  weight  the  elastic  force  or  the  air  in  the  blad- 

of  the  atmos])here,  if  the  air  in  the  tube  der  be  diminished,  yet  it  is  not  so  much 

have  the  same  density  and  temi>eralure  diminished  as  the  pressiu-e  of  tlie  exter- 

as  tlie  external  air.    Tliat  there  t>  this  nal  air,  and  so  predominates  and  swells 

outward  pressure  must  be  evident,  when  the  bladder. 

we  consider,  that  if  there  were  not,  the        (30.)  This  experiment  merely  csfa- 

pressure  of  the  atmosi)here  would  force  blishes  the  fact,  that  air  without  con- 

tfie   ends  AB  inwards,  with    a  force  densation  rfoe*  press  on  tlie  inner  surface 

equal  to  its  weight.     We  can,  however,  of  the  vessel  which  encloses  it.    We 

give  more  direct  proofs  of  this  pressiu*e  shall  now,  however,  describe  a  method 

of  air. against  the  inner  surface  of  any  of  measuring  tliis  pressure ; 
vessel  in  which  it  is  contained,  and  show         Let  A  B   {fg.  13.)  be   a  cylindrical 

the  means  whereby  the  amount  of  this  glass  bottle,  containing  a  quantity  of 

pressure  may  be  ascertained.  mercury  to  the  level  F.     Let  a  glass 

(29.)  Let  a  flaccid  bladder,  containing  tube  C  D,  open  at  both  ends,  and  up- 

a  small  quantity  of  air,  be  placed  under  wards  of  thirty-two  inches  in  length,  be 

an  mverted  glass  receiver,  and  let  the  introduced  at  the  neck  K  of  the  bottle, 

air  be  withdrawn  from  the  receiver  by  so  that  the  lower  end  D  shall  b^w^axVi 
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in  contact  wilh  the  bottom ;  -  .„ 
and  thus  placed,  let  it  be  se-  ^^* 
cured  at  E,  so  as  not  to  permit 
the  escape  of  the  air  which 
fills  the  part  of  the  bottle 
above  the  siu*face  of  the  mer- 
cury, and  which  is  thus  of  the 
same  density  and  temperature 
as  the  atmosphere.  Let  the 
whole  apparatus  thus  airang^cd 
be  intrKiuced  under  the  re- 
ceiver of  an  air-piunp,  and  let 
the  air  be  jfraxluallvwitlxdrawn. 
The  pressure  of  tfie  air  on  the 
surface  of  the  mercur\'  in  the 
tube  C  D  beinjf  p^duiilly  di- 
minished, the  elasticity  of  the 
air  in  A  E,  ])ressiu^  on  the 
surface  F,  will  force  the  mer- 
cury to  ascend  in  the  tube  ;  and 
the  heififht  of  the  mercury  thus 
pressed  into  the  tube,  will  in- 
crease as  the  pressure  of  the 
air  in  the  receiver  is  diminished 
by  rarefaction.  The  column 
of  mercury  suspended  in  tlie  tuDe,  at 
any  penoa  of  the  process,  will  evidently 
indicate  the  excess  of  the  elasticity  of 
tlie  air  in  EF,  or  of  the  external  air 
above  the  elasticity  of  the  rarefied  air  in 
the  receiver. 

Now  sujipose  another  tube  G II  (/^. 
14.),  open  at  both  ends, 
and  exactly  similar  to  the 
former,  be  made  to  com- 
municate at  one  end  G 
with  the  receiver  R ;  and 
let  the  other  end  11  be 
plunged  in  a  cistern  of 
mercury,  open  at  the  top, 
and  exposed  to  the  atmos- 
pheric pressure.  As  the 
rarefaction  proceeds,  the 
pressure  of  the  air  in  the 
tube  G  H  being  gradually 
diminished,  the  weight  of 
the  atmosplwre  pressing 
on  the  surface  I,  will  force 
tlie  mercur}'  up  in  the 
tube  G  H  ;  and  the  alti- 
tude of  the  column,  at 
any  stage  of  the  process, 
will  indicate  the  excess 
of  the  weiirht  of  the  at- 
mosplu'ie  above  the  elas- 
tic force  of  tlie  rarefied 
air  in  the  receiver. 

Now,  upon  comparing 
the  altitudes  of  the  co- 
iumns  in  the  two  tubes 
GH  and  CI),  in  every 
itage  of  tlie  process  it  will  be  found  that 


fig,  14, 


the  columns  of  mcrcwy  suspended  m 
them,  above  the  levels  of  the  mercury 
in  their  respective  cisterns,  are  accu- 
rately equal.  From  whence  it  follows, 
that  the  weight  of  the  atmosphere  press- 
ing on  the  surface  L,  and  its  elastic  force 
pressing  on  the  surface  F,  exceed  the 
clastic  force  of  the  rarefied  air  in  the 
receiver  by  the  same  quantity ;  and, 
therefore,  that  the  weight  or  pressure  nf 
the  atmofiphere  in  exactly  equal  to  iu 
elasticity » 

(31.)  There  are  many  familiar  ef- 
fecls,  whieh  itfe  only  consequences  of 
the  elasticity  of  air.  fieer  or  ale,  bottled, 
contains  in  it  a  quantity  of  air,  the  elas- 
tic force  of  which  is  resisted  by  the 
pressuie  of  the  condensed  air  between 
the  cork  and  the  surface  of  the  liquid  in 
the  bottle.  On  removing  the  cork  the 
liquid,  and  the  air  which  it  contains, 
are  relieved  from  this  intense  pressure. 
The  liquid  itself  not  \m\\z  elastic,  is  not 
affected  by  this  ;  but  the  elastic  force  of 
the  condensed  air  which  has  been  fixed 
in  it,  having  no  adequate  resistance,  it 
immediately  escapes,  and  rises  in  bubbles 
to  the  surface,  and  produces  the  fiotl.y 
appearance  consequent  upon  opening 
the  l)ottle. 

If  a  shrivelled  apple  be  placed  under 
the  receiver  of  an  air-pump,  and  the  air 
be  withdrawn,  it  will  have  its  coat  dis- 
tended by  the  internal  air,  so  as  to  pre- 
sent a  ])erfectly  smooth  appearance. 
Also,  if  a  thin  glass  bottle,  with  atmos  • 
plieric  air  confined  in  it,  be  placed  undei 
a  receiver,  it  will  burst  by  the  i'lastieity 
of  the  enclosed  air  when  a  sufficient  ex- 
liaustion  has  been  produced. 

Chapter  V. 
On  the  Air^ Pump, — Condenser. 

I.  The  Air- Pump, 

(32.)  In  philosophical  invest! gat ion« 
it  frequently  becomes  necessarj'  that  the 
substances  which  are  the  subjects  of 
experiment  should  be  removed  n'om  the 
inmience,  whether  mechanical  or  che- 
mical, of  the  atmosplu-re.  For  this 
puri)ose  it  is  desirable,  that  wc  should 
possess  the  means  of  withdrawing  the 
air  from  a  glass  vessel  called  a  receiver^ 
in  which  the  substance  is  placed,  and 
through  which  the  changes  wliich  it 
suffers  may  be  obser\ed.  The  space 
under  the  glass  vessel  after  the  air  has 
been  withdrawn  from  it  is  called  a  fHZ- 
a*um,  and  the  machine  by  which  the 
air  in  >YithdrawD  is  called  an  oir'pump* 
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We  shall  devote  the  present  chapter  to 
cxplaifi  the  construction  of  this  instm- 
inentt  and  the  \nrinciples  which  govern 
itaadkm. 

(33.)  The  air-pump  is  exhibited  under 
▼arious  forms,  each  of  which  is  attended 
vrith  particular  advantages  and  disad- 
Tantages,  accordihg  to  Uie  purposes  to 
which  it  is  applied.  There  are,  however, 
some  general  principles  in  which  all 
modifications  of  this  interesting  machine 
agree,  and  which  we  shall  first  explain. 

Let  R  (Jig.  15.)  be  the  section  of  a 
glass  vessel  closed  at  the  top  T,  but 
open  at  the  bottom,  and  having  its 
lower  edge  ground  smooth,  so  as  to  rest 
in  close  contact  with  a  smooth  brass 
plate,  of  which  S  S  is  a  section.  When 
the  receiver  R  is  thus  placed  upon  the 

Elate  S  S  it  wiU,  with  tne  assistance  of  a 
ttle  unctuous  matter  previously  rubbed 
on  the  edee  of  the  glass,  be  in  air-tight 
contact  In  the  plate  is  a  small  aper- 
ture A,  which  communicates,  by  a  tube 
AB,  with  a  cylinder  in  which  a  solid 
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piston  P  is  moved.  The  piston-rod  C 
moves  in  an  air-tight  collar  D,  and  a 
valve  V  is  placed  in  the  bottom  of  the 
cylinder  opening  outwards* 

Let  the  air  m  the  receiver  R,  the 
exhausting  tube  AB,  and  tlic  barrel 
S  V  be  first  supposed  to  have  the  same 
density  as  the  external  air.  Upon  de- 
pressing the  piston,  after  it  has  passed 
the  ap^ure  B,  the  air  in  the  barrel  S  V 
will  be  compressed  by  the  piston.  Its 
density,  and  therefore  its  elasticity, 
will  be  increased,  and  will  become 
greater  than  that  of  the  external  air. 
Tliis  superior  elastic  force  will  open  the 
valve  y,  through  which  as  the  piston 


descends,  the  air  in  the  barrel  will  be 
driven  into  the  atmosphere.  When  the 
piston  has  reached  the  bottom  of  the 
cylinder,  the  valve  V  will  be  closed  by 
a  spring  or  otherwise,  and  will  be 
pressed  mto  its  seat,  also  by  the  atmos- 
pheric pressure. 

When  the  piston  has  thus  arrived  at 
the  bottom  of  the  barrel,  the  air  which 
before  filled  the  receiver  R  and  the  ex- 
hausting tube  A  B,  will  have  expanded 
bv  its  elastic  property,  and  difiPus^  itself 
also  through  the  barrel  above  the  piston* 
But  upon  again  raising  the  piston  it  will 
be  forced  buik  into  its  former  bounds, 
until  the  pistoh  has  passed  the  aperture 
B.  As  tne  piston  ascends,  it  leaves 
beneath  it  a  vacuum,  into  which  the 
external  air  is  prevented  fi^m  entering 
by  the  valve  V.  When,  therefore,  the 
piston  has  been  raised  beyond  the  apep> 
ture  B,  the  air  in  the  receiver  R  and 
the  exhausting  tube  AB  wiU  expand 
once  more,  and  also  fiU  the  barrel  S  V. 

Upon  a  second  depression  of  the  pis- 
ton the  air  which  fills  the  barrel  \rill  be 
discharged,  and  similar  effects  will  foU 
low  its  ascent,  and  so  the  process  may 
be  continued  at  pleasiure. 

It  will  be  perceived  that  this  instru- 
ment dcpenus  for  its  efiicacy  entirely  on 
the  elastic  quality  in  the  air,  b^  which, 
while  there  is  any  portion  of  aur  in  the 
receiver  and  exhausting  tube,  that  por- 
tion, however  small,  will  expand  and 
diffuse  itself  eaually  through  the  barrel 
in  addition  to  the  space  it  before  filled. 
It  must  be  pretty  evident,  with  vefy 
little  consideration,  that  by  this  process 
a  perfect  vacuum  can  never  be  produced 
under  the  receiver.  For  some  air,  how- 
ever small  the  quantity  be,  must  remain 
after  every  depression  of  the  piston. 
Let  us,  however,  examine  how  nearly 
we  mav  approach  to  a  vacuum,  or  more 

Sroperly  speaking,  let  us  determine  what 
egrce  of  rarefaction  mav  be  effected, 
supposing  the  mechanical  construction 
of  tne  instrument  we  have  described  to 
be  perfect,  and  no  obstructions  to  arise 
from  circumstances  merely  practical. 

At  the  commencement  of  the  process 
the  air  wliich  fills  the  receiver,  exhaust- 
ing tube,  and  barrel,  is  of  the  density  of 
the  external  air;  let  its  entire  quantity 
in  this  state  be  called  one.  Let  the 
capacity  of  the  barrel  SV  bear  any 
proposed  proportion  to  that  of  the  re- 
ceiver and  tube ;  suppose  that  it  is  one- 
third  of  their  united  magnitudes,  and 
therefore  that  it  contains  one-fourth  of 
the  air  contained  within  the  valve  Y IP 
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Uie  entire  apparatus.  Upon  the  first 
depression  of  the  piston  this  fourtii  part 
vfill  be  expelled,  and  three-fourths  of 
the  original  quantity  will  remain.  One- 
fourth  of  this  will  in  like  manner  be 
expelled  upon  the  second  depression  of 
Uie  piston,  which  is  equivalent  to  three- 
tixtecnths  of  the  original  quantity,  and 


consequently  there  remains  m  the  tpjMU 
ratus  nine-sixteenths  of  the  originil 
quantity.  Calculating  in  this  wa]r,  that 
one-fourth  of  what  is  contained  in  the 
apparatus  is  expelled  at  eveiy  descent 
of  the  piston,  tlie  following  Table  wiD 
be  easily  computed. 


No.  of 
Strokes. 

▲  ir  ezpelM  at  each 
Stroke. 

Air  remainlnc  in  tke  Recelrer 
and  Barrd. 

1 

1 

3 

4    **' 

4 

2 

3           3 
16  "4x4 

9 
10" 

3x3 

4x4 

3.    

9           3x3 

27 

3x3x3 

04       4x4x4  

04 

4x4x4 

4 

27           3x3x3 

81 

3x3x3x3 

256       4X4x4x4  

260 

4x4x4x4 

5 

81           3x3x3x3 

243 

3x3x3x8x3 

•"       1024      4x4x4x4x4 

1024 

4x4x4x4x4 

The  metliod  by  which  the  computa  * 
tion  might  be  continued  is  obvious. 
The  air  expelled  at  each  stroke  is  found, 
by  multiplying  the  iiir  expelled  at  the 
preceding  stroke  by  3  and  dividing  it  bv 
4  ;  and  the  air  remaining  afler  eacn 
stroke  is  also  found  by  multipl}ing  the 
air  remaining  after  the  precedmg  stroke 
by  3,  and  dividing  it  by  4. 

It  appears  by  this  computation,  that 
after  the  fifth  stroke,  the  air  remaining 
in  the  receiver  is  less  than  one-fourth  of 
the  original  quantity.  Less  than  one- 
fourth  of  this  will  remain  after  tlie  next 
five  strokes,  that  is,  less  than  one  six- 
teenth part  of  the  original  quantity.  If 
we  calculate  that  every  five  strokes  ex- 
tract three-fourths  of  tlie  air  contained 
in  the  apparatus,  we  shall  then  under- 
rate the  rapidity  of  the  exhaustion  ; 
and  yet,  even  at  this  rate,  after  thirty 
strokes  of  the  pump,  the  air  remaining 
in  the  receiver  would  be  only  one 
309fUh  part  of  the  original  quantity.  The 
pressure  of  this  would  amount  to  about 
the  sixteenth  part  of  an  ounce  upon 
the  square  inch.  It  is  evident  that  by 
continuing  tlie  process  any  degree  of 
rarefaction  whicn  may  be  desired  can 
be  obtained.  For  all  practical  purposes, 
therefore,  a  varMum  may  be  considered 
to  be  procured  ;  but,  in  fact,  we  are  as 
far  from  having  a  real  vacuum  in  the 
receiver  as  ever,  for  such  is  the  infinite 
expanding  power  of  air,  that  the  smallest 
psrticle  will  as  completely  fill  tlie  re- 
ceiver and  barrel  as  the  most  dense 
substance  could ;  that  is  to  say,  no  part 
of  the  receiver  or  barrel,  however  small, 


will  "be  found  absolutely  free  from  air, 
however  long  the  process  of  cxliaustion 
may  be  continued. 

(34.)  In  the  uses  to  which  the  air- 
pump  is  applied,  various  decrees  of  ex- 
haustion are  necessary,  and  it  becomes 
very  desirable  to  have  some  exact  and 
obvious  indicator  of  the  degree  of  rai«- 
faction  which  has  been  produced  within 
the  receiver  at  any  stage  of  the  process. 
We  find  in  the  barometer  a  simple  and 
most  accurate  means  of  measunng  tliis 
effect. 

Let  a  glass  tube,  open  at  both  ends, 
be  inserted  into  the  exhausting  tube 
A  B  {Jig,  16.),  or  into  any  other  part  of 

fig.  16 
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the  apparatus,  so  as  to  eonmiunicate 
freely  with  the  receiver;  and  liciwf 
placed  in  a  vertical  position,  let  the  other 
end  G  be  immersed  in  a  cistern  of  mer- 
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f.  As  the  rarefaction  proceeds,  the 
m  the  receiver  losing  a  part  of  its 
tic  force  no  lon£:er  balances  the  pres- 
3  of  the  atmosphere  at  F,  and  conse- 
nUy  the  mercury  rises  in  the  tube 
r.  The  weight  of  the  column  of 
•cury  suspended  in  this  tube,  toge- 
r  with  the  elastic  force  of  the  air  in 
receiver  which  presses  on  its  surface 
i,  are  the  forces  which  balance  the 
lospheric  pressure  at  F.  They  are, 
refore,  together  equal  to  the  atmos- 
ric  pressure;  and  hence  it  follows 
t  the  column  of  mercury  in  the  tube 
Iways  equal  to  the  excess  of  the  at- 
spheric  pressure  above  the  elastic 
;e  of  the  air  in  the  receiver, 
iince  the  column  of  mercury  sus- 
ded  in  the  common  barometer  is 
ays  a  measure  of  the  atmospheric 
ssure,  it  is  evident  that  the  difference 
ween  this  column  and  that  suspended 
he  gauire  E  G  of  the  pump  will  be 
exact  measure  of  the  pressure  of  the 
?fied  air  remaining  in  the  recerver. 
35.)  By  a  gaug:e  of  this  form  (and 
s  the  usual  one  for  standing  air- 
nps)  the  elastic  force  of  the  rare- 
l  air  can  only  be  known  by  com- 
ison  with  a  barometer.  A  gauge 
jht,  however,  be  very  easily  con- 
icted  which  would  give  the  amount 
the  pressure  immediately.  Let  0 
f.l  7.)  be  a  cistern  containing  mercury, 
I  closctl  at  the  top,  communicating 

fig-  17. 


\\i  the  exhausting  tube  A  B,  or  in  any 
ler  convenient  manner  with  tlie  re- 
iver. In  the  top  of  this  let  a  barome- 
r-tul)e  filled  with  mercury  be  inserted, 
as  to  be  air-tight  at  T.  The  atmos- 
leric  pressure  at  F  sustains  as  usual 
e  barometric  column.  But  upon  rare« 


fving  the  air  in  the  receiver  by  means  of 
the  pump,  this  pressure  will  be  dimi- 
nished, and  the  mercury  at  E  will  ac- 
cordingly fall,  and  the  column  which  will 
be  sustained  will  measure  the  elastic 
force  of  the  rarefied  air. 

Such  a  gauge,  although  simpler  in 
principle  than  the  common  one,  would 
not  however  be  attended  with  the  same 
practical  advantages. 

(36.)  Such  is  the  general  theoiy  of 
the  Air-pump,  The  varieties  of  its 
construction  are  very  considerable,  and 
it  would  not  be  consistent  with  our 
plan  to  enter  into  details  respecting 
them.  We  shall,  therefore,  conclude 
this  chapter  with  a  description  of  the 
air-pump  which  is  in  most  general  use. 
A  sectional  drawing  of  this  apparatus, 
with  some  trifling  transposition  of  parts 
to  bring  them  all  into  view,  is  given  in 
the  annexed/^.  18.  R  is  the  glass  re- 
ceiver placed  on  the  pump-plate  SS, 
T  TT  is  the  exhausting  tube  communi- 
cating with  two  pump  barrels  B  B',  and 
fiUTiished  with  a  cock  C  by  which  the 
communication  between  the  receiver 
and  barrels  may  be  cut  off  at  pleasure. 
V  V  are  parchment  valves  in  the  bot- 
toms of  the  pump-barrels,  opening  up- 
wards, so  that  air  may  pass  through 
them  from  the  tube  T  T,  into  the  barrel, 
but  cannot  return. 

P  P'  are  two  pistons,  fitting,  air-tight, 
in  the  barrels,  and  furnished  with  valves 
similar  to  VV,  which  also  open  up- 
wards. The  piston-rods  are  furnished 
with  racks  E  E',  which  are  wrought  by 
a  toothed  wheel  W.  Tliis  wheel  is 
turned,  in  the  usual  way,  by  a  winch  D, 
and  by  alternately  turning  it  in  opposite 
directions,  the  pistons  arc  elevated  and 
depressed. 

G  is  the  barometer  gauge,  communi- 
cating with  the  receiver  at  H. 

Let  us  now  suppose  the  piston  P 
ascending,  and  P   descending.    Since 
the  valve  in  P  opens  upwards,  no  air 
can  pass  from  above  through  it ;  as  it 
ascends,  therefore,  the  air  in  P  V,  ex- 
panding into  the  space  deserted  by  the 
piston,  becomes  rarefied,  and  presses 
wiUi  diminished  force  on  the  valve  V. 
The  superior  elasticity  of  the  air  in  the 
receiver  and  tube  will  force  open  the 
valve  V,    and    will  continue  to  pass 
through  that  valve  until  its  elasticity 
exceeds  that  of  the  air  in  the   barrel 
P  V,  by  a  force  less  than  that  which  is 
requisite  to  raise  the  valve  V. 

In  the  meantime  the  piston  P  has 
been  descending,  and  tiie  air  in  P'  V  is 
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eomprcMed  ;  for  since  the  valve  V 
opens  tipirardt,  it  caiinut  pkss  lliroii^h 
it.  Ai  noon  as  it  is  so  (at  condensed, 
thnt  its  elasticity  exceeds  the  atmos- 
pheric in-i'usiire,  hy  a  force  sufRcient  to 
raim  the  valve  in  the  piston  ?,  it  will 
p«3a  iuto  the  atmosphere  ihrouuh  that 
valve,  and  will  continue  to  pass  into  it, 
until  the  iiislon  P'  (^g.  }  'J.)  strikes  the 
bottom  of  the  Imrrel. 

fiff.  19. 


Tlie  pistons  now  have  (Lssiiined  the 
posilion  (Jlt(.  19.):  thewlici'l  Wis  turned 
in  (he  opposite  direction,  so  that  P  will 
descend  and  P'  »ill  ascend.  In  this  nio- 
tioii,  the  iilmos|)liei-ic  pressure  acts  on 
each  pHitun,  niiiunst  (he  inferior  foice  of 
tlie  ntivfied  lurintliebarrd,  and  there- 
fcrc  resists  Ihi;  ascent  ;  and  the  re- 
■istance  increases  as  tlie  rarefaotion 
proceeds.  Tliese  resistances  are,  how. 
ever,  not  felt  by  the  operator,  since  they 
'«litnM  each  oUier  Ihrougli  Uie  me* 


.  of  the  wheel  and  racks;  andtliis, 
independently  of  the  iiicreaKcd  speed  of 
the  process  of  rarefaetion,  is  one  of  tlit 
advanlases  of  the  double  barrel. 


its  elasticity  exceeds  tjic  alniospherie 
pressurebyaforce  sufficient  IO(.ju-ntli« 
valve  in  the  piston  P,  it  will  pass  into 
the  afmoijphere,  and  will  be  ail  dis- 
cliavKCil  when  (he  piston  shall  arrive  at 
the  bolloni. 

While  Ihe  piston  P  has  been  descend- 
'.ng  and  discharginir  the  air  below  il, 
Iho  piston  P'  has  been  nsceiidinc  nnJ 
drawing  more  air  from  the  i-eceivir, 
lliroui;htheviilvcV'.  Fords  Paseendj. 
it  leaves  a  vacuum  below  it  ;  the  ela*- 
titily  of  the  air  in  the  receiver  ftnd  tubij 
eneounterin^:  no  resistance  above  iIa' 
valve  ^'',  ojieiis  il,  and  continues  to  ]iats 
thi'ou^h  until  its  elajtticily  exceeds  Ihat 
of  the  nir  in  the  barrel,  by  a  less  fonr 
than  that  which  is  sufficient  to  raise  liio 
valve  v.  Atidin  tliis  way  the  process  is 
oonti  tilled* , 

1^7.)  InKiiehaninstmment  there  isa 
very  obviiiiis  limit  to  Ihe  deeree  of  r^v 
faction.  When  the  elasticity  of  the  .lir 
in  the  receiver  is  no  loncer  sufficient  lo 
open  Ihe  valves  V,  V,  it  is  clear  thai  no 
fuHlier  rarefaction  can  be  effected.  B«- 
sides,  it  is  to  be  considered,  that  the 

lbi>  inn..iliinl  iiitlraBnr.  uliich,  fhsucti  itii  pfiHiin 
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pifton  valves  are  opened  against  the 
atmospheric  pressure,  and  however  ac- 
curately the  barrels  and  pistons  be  con- 
structed, yet  there  will  necessarily  be  a 
sertain  space,  capable  of  containing  air, 
below  the  piston  valve,  when  the  piston 
b  at  the  bottom  of  the  barrel.  As  soon  as 
the  rarefaction  has  proceeded  so  far,  that 
the  air  wl^ch  filled  the  barrel  when  the 
piston  was  at  the  top,  being  reduced  to 
this  last-mentioned  space,  acquires  an 
elasticity,  exceeding  the  atmospheiic 
only  by  the  force  necessary  to  balance 
the  resistance  of  the  valve,  no  more  air 
can  be  discharged  by  the  piston. 

To  calculate  the  pow^er  of  such  a 
pump,  let  us  suppose  the  space  below 
the  vaJve,  when  the  piston  is  at  the  bot- 
tom of  the  barrel,  to  be  the  1000th  part 
of  (he  whole  capacity  of  the  barrel ;  and 
let  the  force  of  the  piston  valve  be  the 
100th  part  of  the  atmospheric  pressure. 
If  the  atmospheric  density  be  1000,  the 
density  of  the  air  under  the  piston  valve, 
when  at  the  bottom  of  the  cylinder,  at 
Jhe  extreme  limit  of  exhaustion,  will  be 
1010.  When  the  piston  has  been  rsused, 
this  will  be  rarefied  1000  times,  and 

therefore  its  density  will  be  - — -  or  — 

^  1000         100 

«=  1.01.  The  elasticity  of  this  rarefied 
ttr  resists  the  exliausting  valves  V,  V. 
Let  the  density  of  the  air  which  would 
open  these  valves  be  tlie  same  as  for  the 
piston  valves,  \'iz.  0.01 .  Hence  the  force 
wliich  resists  the  elasticity  of  the  air  in 
the  receiver,  is  1 .0 1  +  O.OI  =  1 .02.  This 
number  will  therefore  express  the  densi- 
ty of  the  air  in  the  receiver,  at  the  ex- 
treme limit  of  rarefaction,  that  of  the 
atmosphere  being  1 000.  The  same  prin- 
ciples will  evidently  apply  when  any 
other  nmnbers  are  selected. 

'  II.  The  Condenser. 

(38.)  The  condenser,  as  the  name  im- 
plies, is  the  opposite  of  the  air-pump. 
R,(/^'  21)  is  a  receiver,  with  a  valve 
V  in  tlie  neck,  opening  inwards,  C  is  a 
stop-cock  in  a  tube  connected  with  a 
barrel  in  which  a  solid  piston  without  a 
▼aJve  plays  air-tight.  B  is  a  small  ori- 
fice to  admit  air  below  the  piston  when 
it  is  drawn  above  B. 

Suppose  now  the  piston  above  B  and 
air  filhng  all  the  apparatus,  of  the  same 
density  as  the  atmosphere  :  upon  press- 
ing the  piston  down,  the  air  in  the 
pump-barrel  will  be  compressed  after 
the  piston  passes  B,  and  will  force 
open  the  valve  V ;  and  when  the  piston 
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fig.  72. 


shall  have  anived  at  the 
bottom  of  the  barrel  it 
will  be  forced  into  the  re- 
ceiver, except  that  part 
which  occupies  tlie  neck 
C.  Every  succeeding 
stroke  of  the  piston  will 
be  attended  witn  a  similar 
effect,  and  thus  the  air  in 
R  will  be  continually  con- 
densed. 

Neglecting  the  air  con- 
tained in  the  neck  C, 
which  is  \ery  small,  the 
portion  forced  into  the  re* 
ceiver  at  each  stroke  is  the 
contents  of  tiic  barrel  B  G 
at  the  atmospheiic  density. 

(39.)  To  indicate  the 
degree  of  condensation 
which  has  been  obtained, 
a^au^^may  be  attached 
to  the  condenser. 

Let  A  B  {fig.  22)  be  a  glass  tube 
communicating  at  £  with  a  vessel  C 
containing  mercury.  This 
vessel  is  closed  at  the 
top,  in  which  is  inserted 
a  tube  communicating 
with  the  receiver  of  the 
condenser.  Tlie  tube  A  B 
at  first  cont<ains  air  of  the 
atmospheric  pressure,  and 
consequently  the  level  of 
the  mercury  in  the  tube  is 
the  same  as  in  the  cistern 
C.  Let  the  tube  be  now 
closed  at  the  top  A,  so  as 
to  be  air-tight,  tmd  let  the 
condensation  be  produced. 
The  increased  pressure  on 
the  surface  of  the  merciuy 
in  C  will  force  mercuiy  up 
in  the  tube  A  B. 

Let  us  suppose  that  the  mercury  is 
raised  to  hair  the  height  of  A  above  the 
surface  of  the  mercuiy  in  the  cistern. 
The  air  in  the  tube  will  thus  be  reduced 
to  half  its  bulk,  and  will  therefore  exert 
double  the  pressure,  or  a  force  equal  to 
twice  the  atmospheric  pressure.  (.10.) 
This  pressure,  together  with  that  of  the 
column  of  mercury  in  the  tube  A  B, 
above  the  level  C,  balances  thepressiu^ 
of  tlie  condensed  air  in  C.  Hence  the 
pressure  of  the  condensed  air  in  this 
case  will  be  equal  to  that  of  a  column 
of  mercur)'  whose  height  is  found  by  add- 
ing tJie  height  of  the  mercury  in  A  B. 
above  tlie  level  C,  to  twice  the  height  of 
the  barometer.  There  will  be  no  Hiffi. 
culty  in  generalizing  this  principle. 
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Chaptxe  VI. — OfPumpi  and  Syphons 
— Air-balloon  ana  Air-gun, 

I.  The  common  Suction-Pump. 

(40.)  The  suction-pump  consists  of 
two  hollow  cylinders  A  B,  BC,  {fig,  23.) 
placed  one  under  the  other,  and  com- 
municating by  a  valve  V      fig,  23. 
iiv'hich     opens    upwards. 
The  cylinder  B  C  is  called 
the  suction- tube,  and  has 
its  lower  end  C  inunersed 
in   the  well  or  reservoir 
from  which  the  water  is 
to  be  raised.  In  the  upper 
cylinder,  AB,    a  piston 
f  is  moved,  having  a  valve 
In    it   which   opens   up- 
wards ;  this  piston  should 
move  air-tight  in  the  cy- 
linder.   At  the  top  of  the 
cylinder  A  B  is  a  spout  S, 
for  the  discharge  of  the 
"\\  atcr. 

We  will  first  suppose 
the  piston  to  be  at  the 
l>ottom  of  the  cylinder 
A  B,  and  in  close  contact 
with  the  valve  V.  Upon 
elevating  it,  the  piston 
valve  is  kept  closed  by  the 
atmospheric  pressure,  and 
if  the  valve  V  were  not 
permitted  to  rise,  a  va- 
cuum would  be  produced 
between  it  and  tlie  piston, 
Uie  elevation  of  which 
Avould  then  require  a  force  equal  to 
about  15lbs.,  multiplied  by  as  many 
stjuare  inches  as  are  in  the  section  of 
the  piston.  But  this  is  not  the  case.  The 
inoment  the  piston  begins  to  ascend,  the 
elasticity  of  the  air  in  BC  opens  the  valve 
V,  and  tne  air  rushing  in  through  it,  ba- 
lances part  of  the  atmospheric  pressure 
on  the  piston.  Now,  if  the  water  at  C 
were  not  permitted  to  rise,  the  air  be- 
tween the  piston  and  the  surface  C 
would  be  rarefied  by  the  ascent  of  the 
piston.  It  would  therefore  press  against 
the  lower  surface  of  the  water  with  a 
force  less  than  the  atmosphere.  But 
the  entire  force  of  the  atmosphere 
presses  on  the  surface  of  the  water  in 
the  well.  The  diminished  elasticity  of 
the  air  in  the  suction-pipe  not  being  a 
counterpoise  for  this,  tlie  water  is  ne- 
cessarily pressed  up  mto  that  pipe.  Let 
OS  consider  to  what  height  it  wul  rise. 

If  the  surface  of  the  water  in  the 
suction-pipe  rest  at  H,  and  rise  no 
lugher«  tnere  is  a  compound  column  of 
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air  and  water  pressing  on  the  level  G  ; 
vuE.  the  column  of  water  C  H,  and  tbft 
elastic  force  of  the  air  in  B  H.  These 
two  together  balance  the  atmospheric 
pressure  on  the  external  surface  of  the 
water  in  the  well.  It  consequently  fol* 
lows,  that  Uie  air  in  B  H  must  be  rare* 
fied,  since  its  elasticity  falls  short  of  the 
atmospheric  pressure  oy  the  pressure  of 
the  column  of  water  C  H.  As  a  colimui 
of  water,  about  thirty-four  feet  in  height, 
balances  the  atmosphere,  it  follows,  Qiat 
the  elastic  force  of  the  air  in  BH  is 
equal  to  the  pressure  of  a  column  of 
water  whose  height  is  the  excess  of 
tliirty-four  feet  above  B  H. 

Upon  the  descent  of  the  piston,  the 
air  compressed  between  it  and  the  valve 
V,  escapes  through  the  piston  valve  in 
the  same  manner  as  we  nave  described 
in  the  air-pump ;  and  upon  the  suc- 
ceeding ascent,  the  elastic  force  of  the 
air  in  a  H,  raising  the  valve  V,  passes 
into  tlie  space  in  which  the  piston  would 
otherwise  leave  a  vacuum.  The  air  in 
BH  being  thus  rarefied,  its  elastic  pres- 
sure on  the  surfiBLce  H  of  the  water  in  the 
suction-pipe  is  diminished ;  and,  there- 
fore, when  added  to  the  pressure  of  the 
column  of  water  C  H,  is  no  longer 
equivalent  to  the  atmospheric  pressure 
on  the  external  surface  of  the  water  in 
the  well.  This  pressure  must  therefore 
force  more  water  up  in  the  suction-pipe, 
and  will  continue  to  do  so,  until  the 
pressure  of  the  increased  column  C  H', 
added  to  the  elasticity  of  the  air  in 
B  H',  is  an  exact  balance  for  the  atmos- 

?heric  pressure  on  the  external  surface. 
Jpon  the  principle  already  explained  it 
follows,  that  the  elastic  pressure  of  the 
air  in  B  H',  is  equal  to  the  pressure  of  a 
column  of  water,  whose  height  is  equal 
to  the  excess  of  thirty-four  feet  above 
the  height  C  H'. 

While  the  water  is  rising  in  the  sue- 
tion-pipe  B  C,  the  machine  is  in  fact  an 
air-pump,  the  suction-pipe  itself  actinjg 
the  pai-t  of  receiver.  Tlie  air  which  ori- 
ginally filled  the  suction-pipe  B  C,  is 
gradually  pumped  out,  and  its  place  is 
m  part  filled  by  the  water  which  in 
forced  in  by  the  pressure  of  the  external 
air.  Now,  ujion  tlie  principles  already 
established,  respecting  the  action  of  the 
air-pump,  it  is  quite  apparent  that  a 
pertect  exhaustion  can  never  be  effected 
m  the  suction-pipe  B  C  ;  and  therefore 
a  colunm  of  water  can  never  be  raised, 
whose  pressure  is  equal  to  that  of  the 
atmosphere;  and  hence  we  deduee  a 
consequence  of  the  most  vital  import* 
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ance,  thai  the  height  of  the  valve  V,  at  p<assed  tlirough  the  piston-valve,  it  h 

the  top  of  the  suction-pipe,  above  the  then  lifted   by  the   mechanical  force, 

level  of  the  trater  in    the    reservoir,  whatever  that   be,    which   works  tlie 

must  alujays  be  less  than  thirty -four  pump-rods. 

feet*,  (42.)  Let  us  now  consider  the  force 
Let  us  then  suppose  that  the  Iieif^ht  which  is  required  in  each  sta^e  of  the 
B  C  is  less  than  thirty-four  feet,  and  process,  to  elevate  the  piston,  exclusive 
that  the  exhaustion  has  been  carried  so  of  the  weight  of  the  piston-rods  and  the 
far,  that  the  water  has  risen  in  the  sue-  effects  of  friction. 
tion-i»ipe,  and  that  a  portion  of  it,  13  H",  Let  the  j)iston  be  at  V,  and  the  level 
has  been  forced  by   tlie    atrnosjiheric  of  the  water  in  the  suction-pipe  at  H. 
pressure  throut^h  the  valve  V.     Upon  Let  the  number  of  feet  in  C  H  be  called 
the  next  descent  of  the  piston,  the  water  /«.    The  elastic  force  of  the  air  in  B  H 
in  H"  B  will  be  forei-d  throuii;!!  the  valve  will  then  be  such  as  to  exert  a  pressure 
in  the  piston,  and  will  be   above  the  on   every   square  inch,    equal    to   the 
valve  when  the  piston  has  reached  V.  weiijhto'f  a  column  of  water,  whose  base 
Sinctt  the  piston-valve  o]jL'ns  upwards,  is  a  s(|uare  inch,  and  whose  heitrht,  ex- 
this  water  cannot  ret nru  throuL'h  it ,  :i ml  pressi»d   in  feet,    is  34 — A*.      In    its 
upon  the  next  ascent  of  tlu^  piston,  the  ascent,  therefore,  each   sijuare  inch  of 
atmospheric  pressure  forci's  nu^re  water  the  section  of  the  piston  is  pressed  up 
through  V.  The  next  descent  and  ascent  by  this  force.     It  is,  on  the  other  hand, 
are  attended  with  like  etfects.     By  con-  pressed  down  by  the  whole  force  of  the 
tinning  this  ])rocess,  a  eolunui  of  water  atmosi)here,    which    is    equal    to   the 
is  collected  above  the  piston,  which  is  weii^ht  of  thidy-four  feet  of  water  on 
lifted  every  ascent,  and  receives  an  ad-  each  square  incli.     The  effective  force 
iition   to   its   quantity    every   descent,  then  which  resists  the  ascent  of  the  pis- 
Near  the  to])  of  the  pump-baiTel  a  spout  ton,  ftn*  each  square  inch,  is  the  weight 
S  is  provided  for  the  diseh:irire  of  the  of  a  colunni  of  water,  whose  base  is  a 
water,  and  when  the  elevation  of  the  squ:;re  inch  and  whose   iieight  is  the 
column  of  water  0!i  the  j>iston  reaches  ditterence  l)etween  thirty-four  feet  anJ 
the  level  of  this  spout,  it  ceases  to  accu-  ."M  —  h  feet  ;  that  is,  //  feet.     Thus  it 
mul>ite  ;  whatever  addition  of  water  is  ajipears,  that  it  requires  a  force  to  litl 
received  throuirh  the  piston- valve   on  the  i)isti)n  exactly  equal  to  the  weiirht 
the  descent,   beins:  discharged   at  the  of  a  column  of  water,  whose  base  i^ 
•pout  S  on  the  ascent.  equal  Xo  the  section  of  the  i)iston,  and 

It   should  be  o].)served,  thnt  if  the  whose  htiLcht  is  that  of  the  water  in  the, 

piston  in  its  desceiit  do  not  reach  the  snclion.i)ii)e,  above  the  level  of  the  wa- 

fcottom  of  the  ban-el  B,  the  space  be-  ter  in  tlie  well. 

tween  it  and  th-  bottom  B  will  never  be  It  folh)ws,  therefore,  that  as  the  water 

reduced  to  a  vacuum,  and  can  only  be  rises  in  the  siiction-pi|^)e,  the  force  rc- 

rai'elied  to  a  certain  extent.  In  this  case  quired  to  lift  the  piston  is  proportionally 

the  suction-pipe  B  C  should  be.  much  increased. 

less  than  thiiiy-four  feet,  for  otherwise  Let  us  next  consider  the  force  requi- 

the  water  can  never  rise  to  the  valve  V,  site  to  lift  the  piston,  in  the  second  pait 

since  it  has  the  elastic  force  of  the  air  of  the   process;    viz.   when  tlie   water 

in  PB  to  oppose  its  ascent.  raised  has  passed  through   the  piston 

(41.)   From  this   de^cril)tion  of  the  valve, 

common  pumj),  it  api)ears  that  two  dis-  Let  the  piston  be  at  V,  and  the  level 

tinct  forces  are  enirageil  in  the  elevation  of  tlie    water   :it   11";    the   downwaixl 

of  the  water.     The  pressure  of  the  at-  pressure  sustained  l)y  the  piston  in  this 

mosphere,  actini;  on  the  surface  of  the  case,  is  evidently  the  weiirht  of  the  in- 

Water  in  the  well,  raises  it  through  the  cuml)ent  water  iHI",  together  with  the 

valve  V.     Afier  what  has   thus  been  weiirht  of  the  atniosidien?.    Let /i  l>e  the 

lodged   in  Uie  chamber  above  V,  has  number  of  feet  in  the  height  B  H",  and 

■ 34  +  h  •!•  will  express  the  number  of  feet 

•  TKJrfv  r.nrf,„.» ;  I  .,.„n^  1,.  .i,.i.'  w    To  "^  *^  columu  of  watcr,  whose  base  is 

"   1  hirfy-tour  left  im  hore  usi- 1  »<  tlie  lii'iiflit  of  a  i    ^      ii               a-            ]*  i\          -a 

rolumn  ot  uator  ciual  to  Iho  afnio^i.hHrir  prfS>Mre.  COUal  tO  tllC   SCCtlOU    Ot   UlC  pistoil,  and 

This  presHure,   as   wc   havt-  alnaly  stit-d.  is  van-  wllOSC     Weight    is    COUal    tO     the     wliolc 
able,  and  it-,  lono^t  val'ic  m  tl'.i">*' « uuninfi'"*  iji  almut 

14  lbs.   lo  l\u'  >«iii!ire  in  h.     'Jlris  !.■<   ciju.il   Ut    tin* — 

Dre-isure  of  ;i  .Mliiiiin  of  writer  .»f  .ibo'ir .,)![  [Wt  liijjii.  •  31  -  /i   means  the  n^miiml-r,  obl.aim'd  br  »ul»- 

Whr-a  till-  b:ir.iiui-i.T  i-i  ;it  '2-i  in-  Iicm  ilii«.  i>  I'  o  pn-s-  trac tinif  ih."  munb.T  wliich  A  ii>prfseuti>  froiii  3i. 

Bun:     When  it  in  ni  :H)  lucliy,  the  prcesurc  is  ci^uail  \  ili  +  A  m.Mii.s  the  suni  obioiaetl  by  ajdiiur  lb# 

HP  a  column  of  yrntcr  3»i  feet  lugU.  wuCb<si  «xv*>:»aft4\>^  K  xo'^ 


iotrnwajd  premra  nuUined  by  the 
puton. 

On  the  other  hand,  Ihe  upward  pres- 
■ure  is  produced  by  the  weiglit  of  the 
aliaos|ihere  pressint;  on  the  water  in  the 
reservoir,  and  transmitted  through  the 
cohmm  C  B,  to  the  lower  surfuce  of  Ihe 
jH£ton.  But  as  this  pressure  has  to  stip- 
port  the  column  U  0,  we  muaf  subtract 
from  it  the  weight  of  this  column,  in 
prdcr  to  ohtiiin  the  titl'Ltlive  upuuid 
prvssure  on  tlie  piston.  From  acoluran 
of  water,  thirty-four  feet  in  heij^lit,  and 
with  a  base  e<iual  to  Uie  seclioii  of  tiie 
piston,  subtract  as  many  feet  as  there 
are  in  B  C,  and  we  shall  obtain  a  column 
whose  weight  is  equal  to  Ihe  upward 
pressure.  This  must  be  taken  fVom  the 
nownw'&rd  pri'ssure,  and  the  remtunder 
vril)  give  the  force  required  to  lift  tlie 
piston.  If  from  3-1  +  h  feet  we  sub- 
tract 34  feet,  the  remainder  is  h  feet ; 
but  in  doini;  Ihi-^,  we  have  .lubtracted 
more  tlian  I'miuL^h  by  tlie  number  of  feet 
ii)  II  (J  i  thi.s  number  must,  therefore,  be 
added,  and  the  whule  column  whose 
weiuht  K  liiled,  has  the  heiKhl  A  +  BC  : 
tjialis.  H"B  +  BC,orH"C. 

(4.1.)  Tlius  it  a]i|>cars,  that  llie  force 
necessary  to  lift  the  piston  is  Ihe  weight 
of  a  column  of  water,  whose  liciKht  is 
that  of  the  level  of  the  water  in  the 
pump,  above  ihe  level  of  tlie  water  in 
the  well,  and  whose  l>ase  is  equal  to  the 
section  of  the  ))iston.  This  force,  tliere- 
fure,  from  the  coHimeneement  of  tlie 

Erocess,  continually  iiicivosus,  until  the 
^vel  of  the  water  ris(."<  to  Ihe  discharg- 
ing  spout  S,  and  thenceforward  remains 
uiui'urm. 

(44. >  To  compute  llie  actual  force 
necessary  to  work  a  pump,  (evehisivo  of 
the  pump-rods,)  Ihereforc,  k'l  the  heiiiht 
of  Ihe  ilischargiii!!  spuut  S,  above  tJie 
level  C  of  the  water  in  tlie  well,  be  ex- 
pressed  in  feel,  and  let  tlie  number  which 
cxjiresscs  it  lie  A.  Ia.'I  half  the  diameter 
of  the  piston,  expressed  in  paiis  of  a 
fool,  be  r ;  the  section  of  Ihe  piston,  ex- 
pressed in  pnrl-i  of  a  sqiuire  foot,  will 
tlien  be r X r X 3.14.  {tmte.p. 4.)  It'llus be 
mullipUedby  Ihe  numl>erof  feet  A  in  the 
hekht,  we  shall  obtain  Ibe  number  of 
cubic  feet  of  water  which  it  is  nsccssary 
to  lifX  at  each  stroke.  This  is  A  x  r  x 
r  X  3.14.  Each  culiic  foot  of  water 
weighs  about  1000  oi.  av.,  or  621  lbs. ; 
this,  raultipUed  bv  A  x  r  x  r  x  3.14, 
will  give,  in  pounils  av.,  the  force  re- 
quired at  each  stroke  to  lift  t  he  piston. 

The  quantity  of  water  discharged  at 
«ach  stroke,  a  e^ual  lo  ft  coluina  of  wa- 


ter, whose  base  is  the  section  of  the  pis- 
ton, and  whose  altitude  is  the  length  of 
tlie  stroke.  This  quantity  may,  there- 
fore, be  found  in  cubic  leel,  by  multi- 
plying r  X  r  X  3.14  by  the  number  of 
feet  in  the  length  of  Ihe  stroke.  The 
weight  of  the  water  discharged  may  be 
ascertained  in  pounds  avoirdupois,  by 
multiplying  Ibis  by  G^j.  and  the  number 
of  imiieiial  gallons  by  dividing  the  num- 
ber of  pounds  by  lU, 

n.  TAe  Lifting- Pmip 
(45.)  This  pump  also  consists  of  an 
hollow  cylinder  A  B  (Jig.  24.)  immersed 
in  Ihe  reservoir  from  g.  q. 
which  the  water  is'^''     i 
to  be    raised.      A 
valve    opening  up- 
wards   is    tixed    m 
this  cv'linder  at  V,  a 
little  below  the  level 
Lof  Ihe  water  in  the 
reservoir.    A  piston 
P,  having    also    a 
valve   0))enirig    up- 
wards, IS  moved  in 
this   cylinder  by    a 
fiame  F  F F  F,  con- 
nected with  Ihe  end 
of    the   piston-rod 
PH.    At  the  lop  of 
the    cylinder    is    a 
spout  d  to  discharge 
the  water  elevated. 

Let  us  suppose 
the  piston  P  at  Ihe 
botlom  It  of  llie  cy- 
linder. The  pressure 
of  tlie  water  in  llie  . 
reservoir,  will  force 
water  through  the  ' 
piston -valve,  until 
Die  watcriiseain  the  cylinder  to  Ihe  valve 
V,  or  to  about  tlie  level  of  lliu  water  in 
the  reservoir.  It  would  rise  lo  the  exact 
level,  but  fur  Ihc  weights  of  the  valves. 
Upon  elevating  Ihe  iiislon  I",  the  water 
not  being  |)emiittcd  to  pass  Ihrough  the 
piston-valve  will  be  pressed  agiunst  the 
valve  V,  and  0|«ning  it,williKiss  into 
the  upper  chamber  V  A  of  the  cyhnder  j 
from  whence  it  is  not  allowed  to  return, 
since  the  valve  V  opens  upwards.  As 
the  piston  rises  in  B  V,  Ihe  pressure  of 
the  water  in  the  reservoir  forces  water 
alter  it  into  the  cylinder;  and  upon  its 
descent,  Ibis  water  passes  through  the 
piston-valve.  Tlie  next  ascent  forces 
water  again  through  V  ;  and  so  on. 

The  water  thus   tQ\\\HwiaSi>j  SskmA 
UiroughV,  ttNwr^  aww*.  o^  ^*  \«Ns» 
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accumulates  in  the  cylinder  above  (he 
vftlve  V,  and  its  height  increases  until  it 
readies  the  apout  S,  where  it  is  dis- 
charged. 

To  find  the  force  necessity  to  raise 
the  piston,  we  are  to  consider  that  the 
water  ill  Ihe  resen'oir  balances  the  wa- 
ter in  the  cylinder  from  llie  bottom  B  to 
llie  level  L.  The  piston,  thcrefon',  lias 
only  to  lift  the  column  from  L,  to  the 
]e\-cl  of  the  water  in  the  cvlinder.  After 
a  few  strokes,  this  level  rises  to  S.  and 
ciiiilmues  i>ermnnenHv  at  thiit  level  af- 
ler.vards.  If.  Ihon,  tne  number  of  feet 
in  S  L  be  culled  A,  and  bnlf  the  diame- 
ter of  the  section  of  the  piston,  expressi-d 
in  parts  of  a  foot,  be  called  r,  the  num- 
ber of  cubic  fcel  of  water  whioh  presses 
on  the  piston,  will  be  expressed  by 
hxrxrx  3.14.  Tills,  multiplii-d  by 
62^,  will  express  the  pressiii'e  on  tlie 
piston  in  pounds  ;  and  if  lo  this  tlie 
weight  of  the  piston  and  rod,  to^lher 
ivitli  the  eifects  of  fiiction,  be  added, 
the  whole  force  necessary  to  lift  the 
piston  will  be  obtained. 

Tlie  qiiantily  of  water  disehanred  is 
found  ill  the  same  manner  as  for  Ihe 
siiclion-pump. 

III.     The  Forcing-Pump. 

(<0.)  A  cjlinder  ALC  (Jg.  25.)  is 
jilaced  with  its  lower 
end  C  ill  the  reservoir. 
It  has  a  lixcd  valve  at 
V  oiKiiiiii;  iiptvard,  and 
h  solid  piston  witliotit 
a  viilve  playiiiK  air- 
tlRlit  in  the  iip]n-r  bar- 
rel AB.  lliscoiinuclcd 
with  another  harrrl 
D  E  by  n  valve  V 
openin.u:  upwaitls  and 
outwards.  The  tube 
D  E  is  brou^'hl  lo 
whatever  hriffht  it  may 
1)6  necessaiy  lo  elevate 
the  water.  i         []^ 

Let  us  s«))])OKe  that  i;  ~  — ~ 
Ihe  solid  i>istoit  P  is  in 
con  I  act  with  the  valve 
V,  and  that  the  water 
in  the  lo«-pr  barrel  is 
at  the  samu  level  C 
with  the  water  in  the  -^■ 
resenolr.  Upon  rais-  .  ' 
ing  the  piston  tlie  iiir  -- 
in  B  C  will  be  rarefied,  and  the  water 
will  ascend  in  H  C  evaclly  as  in  (he 
■uctiun  pump.  Uiion  nuai'ii  dqiressinc 
the  piston,  the  nir  in  PV  will  be  cora- 
presscd,  and  il  iviiJ  force  open  llic  \a,\\c 


fig.  35.  ■ 


ail 


V,  and  escape  through  it.  The  proecn, 
therefore,  until  water  is  raised  throuslt 

V  into  the  upper  ban«l,  is  precisely  ^ 
same  as  for  tiie  suction-purop,  the  vilvs 

V  taking  the  place  of  the  piston-valve 
in  that  machine. 

Now,  let  us  suppose  that  water  hai 
been  elevated  through  V,  and  that  the 
space  P  V  is  filled  with  it.  Unon  de- 
pressinf;  the  pislon,  this  water  nut  bein; 
pcrmitled  to  return  through  V,  is  ftmeed 
throuifh  V,  and  ascends  in  the  tube 
D  K.  By  continuing  the  process,  water 
will  aecumidate  in  the  tub«  D  £,  until  it 
acquires  the  necessary  elevation  and  b 
discharged. 

The  force  requisite  to  elevate  the  pis- 
ton in  Ihis  pump  until  the  water  reaches 
it,  is  com]>uled  in  exactly  the  same  man- 
ner as  for  the  suction-pump,  and,  exclu- 
sive of  Ihe  weit;ht  of  the  piston  and  its 
rods  and  the  effects  of  triction,  it  is  equal 
to  Ihe  weight  of  a  column  of  water 
wliose  base'  is  the  section  of  the  pristoo, 
and  whose  hdght  is  the  distance  of  the 
level  of  the  water  in  (he  baml  AC 
above  the  level  in  the  reservoir.  It  is 
evident  also  from  what  has  lieon  said  on 
the  suet  ion -pump,  that  the  valve  V 
should  be  less  than  thirtj--four  teet 
above  the  level  of  the  water  in  Ihe  re> 
sen-oir.  If  Ihe  P  express  in  ]iounds  vi 
the  wei|;h(  of  the  piston  and  its  rods, 
lie  half  Ihe  diameter  of  a  section  of  the 


Axrxrx3.Ux62.5-l-P. 

T.el  us  now  examine  the  force  nece^- 

san-  to  depress  the  piston.  Let  the  level 

of  the  water  in  ED  be  M.    The  atni;  s- 

fheric  pressure  on  M  will  be  balanced 
y  the  s:ime  [ircssure  on  the  piston  by 
the  ]jower  of  transmitting  pressure  pe- 
culiar to  fluids.  This  force  mav,  there- 
fore, be  neirlected;  also  thePV  will 
balance  the  pari  ND  of  (lie  column  MD, 
which  is  equal  to  it  in  height,  and  Ihat 
whether  their  seclions  be  equal  or  not. 
(See  Hydrostatics.)  Hence  it  appears, 
that  the  pressure  exerted  by  the  water 
in  P  V  on  the  lower  surface  of  the  pis- 
ton is  equal  fo  the  Keii;ht  of  a.  column 
of  water  whose  base  is  equal  to  the  sec- 
tion of  Ihe  piston,  and  whose  heii;ht  is 
MN,  This,  therefore,  is  the  fott*"^  to  be 
overcome  in  Ihe  descent  of  the  piston* 
and  the  weiifht  P  of  the  |)islon  and  i^ 
rods  assist  in  overcomine  it.  Let  A'  b« 
Ihe  number  of  fed  in  M 14,  and  the  mc- 
chanu^aX  t>n«  tttcew^Tj  te  be  «gpliol 
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to  depmt  the  piston  will  be  expressed  wise  a  waste  would  take  place  on  every 

in  pounds  by  descent  of  the  piston.    On  the  other 

A'xrxrx3.14x  62.5 — P.  hand,  in  the  forcine-pump,  the  elevation 

Tnm  these  observations,  it  appears  is  paurtly  produced  in  the  ascent  and 
that  the  weight  of  the  piston  and  its  partly  in  the  descent  of  the  piston,  and 
rods  assist  &e  forcing-power  of  the  the  power  must  be  continued,  but  pro- 
machine,  but  oppose  its  suction-power.  portionally  less  intense.  Thus  a  single- 
These  effects,  therefore,  on  the  whole,  acting  steam-engine,  or  an  atmospheric 
neutralize  each  other.  engine,  would  be  suitably  applied  to  raise 

The  entire  force  used  in  raising  the  water  by  the  suction-pump,  and  a 
water  will  be  found  by  adding  the  force  double-acting  engine  by  the  forcing- 
necessary  to  elevate  the  piston  to  that  pump. 

which  Is  necessary  to  depress  it.  As  in  In  the  forcing-pump,  however,  the 
this  case  the  weight  of  the  piston  and  forces  required  to  effect  the  elevation 
rods  increases  the  one  bv  as  much  as  it  and  depression  of  the  piston  are  not 
diminishes  the  other,  the  entire  force  always  equal,  and  it  is  m  many  cases 
will  be  the  weight  of  a  column  of  water  desirable  that  they  should  be  so ;  for  it 
whose  base  is  me  section  of  the  piston,  generally  happens  that  the  power  ap- 
and  whose  height  is  P  C+M  N,  that  is  plied  to  elevate  and  depress  is  un^orm, 
the  height  of  the  level  of  the  water  as  for  example,  in  the  steam-engine. 
in  the  forcing-pipe  above  the  level  of  Let  us  consider  how  the  powers  of  ele- 
the  water  in  me  reservoir,  and  expressed  vation  and  depression  could  be  equal- 
in  pounds,  this  is  ized. 

(A+A')xrxrx3.l4x62.5.  We  have  proved  that  the  power  of 

(47.)  It  appears,  therefore,  that  other  elevation  is  equal  to  the  weight  P,  to- 

circumstances  l)eing  the  same,  the  power  gether  with  that  of  the  column  of  the 

of  the  forcing-pump  has  the  advantage  height  A,  and  with  a  base  equal  to  the 

over  that  of  the  suction-pump  by  the  section  of  the  piston.    The  power  of 

weight  of  the  piston  and  its  roas.  depression  is  equal  to  the  weif^ht  of  a 

In  the  suction-pump  the  elevation  of  column  whose  height  is  h^dimimshed  by 

the  water  is  entirely  effected  by  the  as-  the  weight  P.    Now  the  difference  of 

cent  of  tiie  piston :  during  its  descent  the  these  two  forces  is  twice  the  weight  P, 

engine,  mechanically  speaking,  is  inac-  together  with  the  weight  of  the  column 

ttve.    It  would,  theretore,  require  that  A  ^ninishedbythe  weight  of  the  column 

the  power  applied  to  the  piston-rod  A'.    This,  expressed  algebraically,  is 
ihould  be  an  mtermitting  one,  for  other- 
Elevating  force    ....    Axrxrx3.14x62.5  +  P 
Depressing  force      •    .    •    A'x rxrx 3.14 x 62.5— P 

Difference    ....    (A— A') x rxrx 3.14x62.5  +  2 P 
Or  (2  P+ Ax  rx  r X  3.14  x  62.5)— A'x  rxrx  3.14  x  62.5 

This  difference  will  evidently  be  from  the  spout  can  only  take  place  on 
nothing,  and  the  elevating  and  depress-  the  descent  of  the  piston,  and  is  there- 
ing  forces  will  be  equal  when  fore  intermitting.  One  method  of  re- 
2P=(A'— A) X rxrx 3.14x62.5  medying  this  is  the  application  of  an 
that  is,  when  the  weight  of  the  column  air-vessel  to  the  apparatus.  At  the  top 
MN  exceeds  that  of  the  column  PC  of  the  forcing-pii>eDE  (/^.  26.)  instead 
by  twice  the  weight  of  the  piston  and  of  a  spout  place  a  close  vessel  E  F  com- 
rods.  The  position  of  the  spout  should,  municating  with  the  force-pipe  by  a 
therefore,  be  regulated  by  these  consi-  valve  in  the  bottom  opening  upwards 
derations ;  and  it  is  evident  that,  in  order  at  E.  A  tube  T  T  is  introduced  at  the 
to  an  uniformity  of  action,  if  PC  is  top  of  this  vessel,  and  fitted  so  as  to  be 
nearly  thirty-four  feet,  the  piston  rods  air-tight,  and  extending  nearly  to  the 
should  always  be  loaded  with  a  sufficient  bottom,  furnished  with  a  stop-cock  G. 
weight  to  balance  a  colunm  of  water.  The  stop-cock  being  closed  and  water 
whose  base  is  the  section  of  the  pis-  forced  in  through  the  valve,  the  air  con- 
ton,  and  whose  height  is  the  excess  of  tained  in  the  vessel  will  be  condensed* 
the  height  of  the  spout  from  the  level  of  and  will  exert  a  proportionate  pressure 
the  water  in  the  cistern  above  sixty-  on  the  surface  of  the  water  in  the  vessel, 
eight  feet.  so  as  to  force  it  up  in  the  tube  whicK  vi 

It  must  be  evident  from  this  account  terminated  Vf\W\  VVv^  9Xav-^Q<?«.  ^-   M 

of  tjie  fmrng-pumpt  thai  the  discharge  then  the  «ltop-cock>>«  o\i«sosAl>^^  ^i^n 
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will  lie  forced  out  in  a 
continued  iil 

Tlwfurci- with  which 
the  wnlcr  iitsiKs  from 
tlie  lulw  T  T  is  easily  , 
deti      '     ' 
Bui'i'usK  tliot  one- 
of  Uieair-veastr- 
cd  with  KHter. 
air  it  conttuns 
fim  reduced  to   hnlf 
iti  oriiciniil  bulb,  uud 
tlieivfurc  (iti)    vKurla 
twice  its  origiiiiil  jirta- 
nire.    It  is  tlicvLfuic 
forced  fi-oin  lUu  tube 
TT.  wilh  u  Ibrci'  diiial 
lotlni  weiijliloftliiriy- 
foiu-  fwl  of  wuler,  tiir 
the  utmospbciic  jjii-s-  ^  ^    _ 

sure  liidunues  i>iii.'-liulf  I  ^|  Mf~ 
ofthofui'Ctinithwliicli  '  ^^ 
it  a  iiruiiKod  up  lliu 
lube.  Air.uii,  siiiiiHise 
(he  vtMsi'l  is  llirec- 
fourihs  filled.  Ihc  air  is 
llicn  reUuti'd  tii  oiie- 
fuiirlh  of  its  onLnnid 
force,  and  Ibertrore 
exerts  four  limes  its 
(iri^nulprcssui'C  Onco 
ils  pn-'ssiire  hvinti  ba- 
laiii-ed  t)V  Ihc  ainios. 
phun.-,  ft]U'tf(.t.'ti\  cl'ui'ce 
IS  obtaincil  cquiil  ii> 
Ihroc  limes  ihc  yn-s-  -   -- — ^ 

sure  of  ihe  atmiwplKi'c.  or  to  13J  feet 
of  watiT,  niid  so  on. 

It  is|iritve(linllvUrostalies,(batwater 
jiressnl  Oiil  of  a\erticid  tuluwill  nsL-ciid 
to  nearly  the  heii;h1  of  aeoliium  uf  whIlt 
of  iiiuivnlent  pressure,  M'tiiii:;  aside  the 
ivsistaiice  of  tlie  air.  Hence  we  may 
easily  in&r.tbat  in  the  caws  jusl  slalcil, 
except  so  far  as  liic  rL-sistiiiice  of  tlie 
air  is  slated,  a  Jet  or  lounliiin  woiUd 
rise  to  the  heiiihts  already  riienlimied. 

By  BcrewliiK  on  lUc  tube  TT'.  jets 
))ierced  with  ajwrliu'es  in  vjiriims  direc- 
tions, omaiuental  fomitaitiK  may  Ijc  c<iii- 
strueled. 

Il  sliould  lie  o1)«>rved.  tliat  by  lliiis 
inlradiicine  Ibe  elastic  force  of  the  aii- 
no  nddilLou.il  force  is  sained,  nor  is  tl)e 
virrhaiiical  pfflcan/  of  Ihc  apinu-Olus, 
wroiM-rly  s^H'akin?.  increased;  for  the 
force  used  in  the  deinvstJon  of  the  )iis- 
ton  ill  coinpellitis  the  wufer  to  enter  the 
air-vessel  is  exaeily  iijiial  In  the  elasii- 
cily  of  Hie  eoiiijirc'seil  air.  This  elastic 
foiije  is  MS  ](  were  a  number  of  accinnii- 
hltidsUokcs  ofUieiustuu,  sLovei  oy)  ot 


forestalled,  and  then  exerted  in  eontinud 
preasiire.  The  air-vessel  may  thera- 
fore  be  consiilered  as  a  kind  of  migaiint 
of  power.  There  will  be  a  constant 
■Iream,  provided  that  as  much  water  ii 
forced  in  by  pumping  as  is  ejected  by 
the  |)ressui«  of  the  confined  air  ;  if  len 
be  pnniijed  in,  the  air-vessel  will  it 
lentrih  be  emptied  and  the  stream  slop. 
If  more  be  forced  in  the  air-vessel  it 
must  a1  last  burst. 

(48.)  'T\\<!fire-fngine  b  a  modification 
of  the  forcinff-|iHmj>, 

A  It  (fie-  i'.)  are  two  forcinir pumps, 
whose  pistons  ?  are  wroudit  by  a  beam 
whose  fulcrum  is  at  F.  V  V  are  valvM 
which  open  upwards  from  a  suction- 
fiibe  T,  which  descends  to  a  reservoir; 
I  are  force- piiies  which  communicate  by 
valvi's  V'V  openins;  into  an  air-vessw 
M.  AlubeLis  inserted  in  the  top  of  lliis 
vessel,  terminatinc  in  a  leathern  tubeef 
liose,  through  which  the  water  is  fureal 
by  llie  pressnre  of  the  air  confined  in  JI, 
as  described  in  (47.) 


IJy  the  doutile  pump  wroiisjhl  by  tb« 
Kame  levtT.  the  pnici'ss  is  exptUitedaiiJ 
the  power  e<^ononiised.  Il  is  nut  neci's- 
Muy  to  enter  into  further  [mrlicnlaii 
i-espeelinL!  Ibis  macliine,  after  what  \a< 
iH'en  said  un  the  forcim;-puinp.  Tlitre 
are  many  varieties  in  fire-enirines,  I'nt 
most  of  lliem  are  i^venied  by  (he  santi! 
jninciples. 

IV.  TheSijphon. 

(49.)  The  siijilion  is  a  Itcnt  tube  with 
one  leK.  A  Jt  (/^.  Js.)  shorter  than  tin 
otliei-.  usiii  for  transfcirinj;  a  hipiiJ 
from  one  vessel  to  nnothvr. 

Tliis  is  elFeetwl  liy  cxhaustiiur  11;* 
syY^von  ul  ^vk  «k  ij.  ^avibuaiit  ur  at  least 


Miying   it,  Jtff.  SB. 
h«  pressure 

on  the  9ur- 
)  will  force 
(uid  uB  the 
jeyotiil  the 
B,  and  until  .  . 

«nds  in  the  L^^^— 
3  Itelow  the 
D'  of  llie 


D  i 


the 


.  Itwillthendescendljy  its  weight, 
iw  continually  from  the  tiitw  at  C, 

■  principle  of  the  sj-phon  is  easily 
dood.  Suppose  the  suction  of  the 
.  or  a  syrinare  applied  at  C  so  m  to 
:e   a  considernhle   rarefaction  of 

■  in  A  B  C.  The  elasticity  of  the 
<l  air  in  the  svphon  pressing  on  (he 
e  of  the  water  in  the  leg  U  A  will 
e  unable  to  balance  the  atmos- 

pressure  acting  on  the  surface  D. 
quid  will  therefore  be  forced  up 
e  II  A,  After  passing  B  into  the 
C,  its  descent  is  still  opposed  by 
listance  of  the  air,  and  it  will  be 
ary  to  keep  up  Ihe  rarefaction 
ie  liquid  passes  the  level  D'.  For, 
le  that  at  any  point  above  D',  as 
s  rarefaction  were  discontinued, 
mosphere  would  then  press  the 
1  E  upwards  with  its  whole  force, 
iressiire  would,  however,  be  re- 
l>y  the  weight  of  the  liijiiid  B  E  ; 
Imospheric   pressure   diminished 

■  weight  of  B  E  would  then  be 
fectivc  force  which  presses  Ihe 
!  E  npiroiiif.  The  pressure  of  Ihe 
ihere  on  D  is  transmitted  throu^^h 
uid  to  E  (see  Hydrotlatien)  \  but 
essure  is  diminished  by  Ihe  weight 

column  D  U  which  it  sustains. 

the  clftctive  force  which  vr^en 
^ace  E  downicanb  is  the  almos- 
pressure  diminislied  by  Ihe  weight 
column  D  E.  So  long,  therefore, 
:  is  less  than  D  E,  the  force  whiih 
E  Miwardg  will  lie  grcsiter  than 
hich  presses  it  doiPHwartU,  and 

therefore   return  into  tlie  ve»- 

rarefiiction  must  therefore  becon- 
until  the  liipiid  h.is  beun  drawn 
the  level  of  D.    Afler  that  the 

loivnward  will  exceed  the  force 

i  by  the  weight  of  the  hquid  in 

■low  the  level  I)'. 


w  shorter  than  a  column  of  the 
whose  pressure  i*  eguaJ  to  that  o' 


the  atmosphere;  that  is,  less  than  Uiirty- 
four  feet  for  water,  thirty  inches  for 
mercury,  Eic> 

It  is  evident,  that  the  power  of  the 
syphon  is  limited  to  merely  decanting  & 
liquid,  but  it  will  not  raise  it  above  the 
level  of  the  liquid  in  the  original  vessel. 
Neither  will  it  continue  to  act  after  the 
level  of  the  vessel  into  which  it  is  de- 
canted beoomes  equal  to  that  from 
which  it  is  drawn  off. 

Instead  of  exhausting  the  syphon, 
which  is  sometimes  a  diSicull process,  it 
may  be  inverted  and  filled  with  water; 
then  slopping  each  end,  and  placing  it 
Willi  the  sliorter  leg  immersed  in  the 
water  to  be  drawn  olf.  remove  Ihe  stops, 
and  it  wUl  immediately  begin  to  flow 
from  the  longer  leg. 

When  the  syphon  is  large,  (his  pro- 
cess is,  however,  not  easy.  In  this  case, 
an  aperture  may  be  made  in  the  highest 
point  B  of  the  inflected  leg  of  the  sv- 
phon, and,  each  end  being  plugged,  the 
syphon  may  be  filled  through  the  ajier- 
turc.  Tliis  aperture  being  then  plumed, 
and  the  plugs  removed  from  the  ends, 
the  liquiil  will  flow  through  il.  In  cases 
where  the  syphon  is  used  to  carry  water 
over  an  elevation  or  a  hill,  tliis  method 
is  often  adopted. 

(SO.)  A  syphon,  in  which  the  extre- 
mities of  the  legs  are  turned  upwards, 
called  the  IVietembuTg  syphon,  may  bo 
kept  constantly  filled.  The  open  ends 
D  and  E  {Jig.  2'J.),  are  at  tlie  same  level 
Jig.it}. 


and  the  height  of  the  highest  point  B, 
above  this  level  sliould  be  less  than  the 
height  of  a  column  of  the  liquid,  whose 
pressure  is  equal  to  that  of  the  almos- 

Iihere.  If  the  leg  D  be  immersed  in  a 
iquid.  it  will  flow  out  of  E,  until  its  level 
is  reduced  lo  D :  for  Ihe  pressure  ui 
the  liquid  above  the  level  D,  exerted  oa 
the  siuiace  ot  ltvc\i<\vv\i  "to  Wt  v^'^'otii 
is  tiaas&ne4V)v  it\o  M»  TOi^,'»'WK*. 
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being  unresisted  by  any  equivalent  pres-  greater  force  than  downwaidi,   it  fffl 

Bure,  the  liquid  is  forced  out.    It  should  rise.  If,  on  the  other  hand,  it  be  heaYis 

be  remembered,  that  the  atmospheric  than  the  air  it  dUplaces,  it  will  fall ;  and, 

pressure  on  the  surface  E,  is  resisted  by  finally,  if  it  be  equal  in  weight  with  til 

an  ecjuivalent  pressure  on  the  surface  of  air  it  has  displaced,  it  will  remain  «»• 

the  htiuid  in  the  vessel  in  which  the  leg  pended :  these  last  cases  bein^estabbsh- 

D  is  immersed.    After  the  level  of  the  ed  by  the  same  reasoning  as  the  first, 
hquid  in  that  vessel  has  fallen  to  D,  the        The  air-balloon  is  a  light  silken  baj^ ' 

liquid  will  cease  to  flow  from  tlie  sv-  filled  with  a  gas,  which,  bulk  for  bulk,  ii 

phon,  wliich,  Iherofore,  remains   full,  lighter  than  air,  so  that  when  inflated, 

and  may  be  hunc:  up  by  a  loop  at  B,  till  the    machine     becomes     consideroblf 

again  required  for  use.  ligliter  than  the  air  which  it  displaces. 

It  will  therefore  ascend  in  the  atmos- 

V.  OfAlroxiaU,  or  Air-balhons.  p^ere  with  a  force  etiual  to  the  difftf- 

(51.)  Aerostats,  or  air-balloons,  are  ence  between  its  own  weight  and  that  of 

machines,  constructed  so  as  to  be  able  the  air  it  displaces.    Tliis  difference,  if 

to  rise  in  Ihe  atmosphere,  and  float  in  it  (he  balloon  oe  sufficiently  lax>;e,  is  s« 

at  considerable   heights,  bearing  with  considerable,  that  it  is  enabled  to  cany 

them,  in  a  car  suspended  from  them,  the  up  with  it  one  or  two  persons  in  a  c« 

alrotmnt.  attached  to  it. 

■    Tlie   principle  of  the  air-balloon  is        As  it  ascends,  the  air  becoming  lesi 

exactly  the  same  as  that  which  iroverns  dense  (23.),  the  difference  betweifn  its 

the  ascent  of  a  piece  of  cork  from  the  weight  and  that  of  the  air  displaced  It 

bottom  of  a  vessel  of  water  to  its  surface,  it,  is  gradually  diminished,  untu  it  attaiu 

If  anybody  is  placed  in  a  fluid,  whether  such  an  height,  that  the  aii*  it  displaces 

elastic  or  Inelastic,  a  j^as  or  a  liquid,  it  is  so  rare  as  to  be  only  equal  in  weight 

will  rise  or  suik,  according  as  it  is  lighter  to  the  balloon.    This,  therefore,  must 

or  heavier,  bulk  for  bulk,  than  the  fluid,  be  the  limit  of  its  ascent. 

Let  A  B  (Jiff.  30.)  represent  a  level        Tlie  aeronaut  can  descend  by  pennit- 

plane,  and  let  C  D  represent  the  highest  ting  some  of  tlie  gas  to  escapie  throosh 

Jiff  ^  -^  a  valve,   and  thereby  diniinisliing  tbe 

•^ ^  bulk  of  the  balloon.     By  this  means  the 

air  it  displaces  is  diminished,  and  the 

H  ^  I  weight  of  the  balloon  is  made  to  exceed 

F '  j  that  of  an  equal  bulk  of  air ;  and  there 

fore  it  falN  until  it  comes  to  a  lower  and 

^ \r^- ^  denser  stratum,  in  which  the  weigiit  of 

the  air,  bulk  for  bulk,  is  equal  to  that  of 

A ,^ ^^JL,  tlie  balloon,  and  here  aeain  it  is  sus- 

■'^'  '^■— -^■--—  -  pended. 

stratum  of  th^atmospliere,  and  E  F  any        To  be  enabled  to  rise,  the  aeronaut  is 

inferior  stratum.     Everypart  of  the  level  provided  with  ballast,  composed  oflw 

EFniust  be  c(pially  ])ressed  by  the  weiirht  of  sand ;  upon  throwing  out  some  of  these 

of  the  incumbent  atnios])]ure  ;  and,  by  he  lightens  the  machine,  and  accordincjjf 

the  t^encral  property  of  fluids,  the  pres-  risesT    By  these  means,  as  long  as  a  suf- 

sure  to  which  it.  is  submitted,  it  trans-  ficient  quantity  of  gas  remains  in  ih* 

niits  equally  in  every  direction:  so  that  balloon,  he  can  ascend  and  descend  at 

a  square  inch  of  the  level  E  F,  is  e<iually  pleasure, 
pressed  upwards  and  downwards  l)y  a  \rj    nr  k     j- 

force  equal  to  the  weight  of  a  column  ^^'  Of  the  Atr-gutu 

of  the  at  mosphere  whose  base  is  a  square        (/^i.)  Tlie  air  gun  is  an  instrument  for 

inch  at  the  level  E  F,  and  whose  lieiL'^ht  projecting  balls,  or  other  missiles,  hy  liw 

is  the  difterence  of  the  levels  EF  and  CD.  elastic  force  of  condensed  air. 
Now,  if  a  l)ody  GH  I  K,  whose  b.'ise  is        The  principle  of  the  air-ijim  is  easily 

a  square  inch,  be  placed  ^^ith  its  base  on  understood.     By  means  of  a  condenser, 

the  level  E  F,  it  will  take  the  place  of  as  such  as  has  been  described  in  (38.),  air 

much  air  as  is  e(iual  to  its  own  l)ulk.  If  is  highly  condensed  in  a  strong  recei\tT, 

it  be  lisrhter  than  tlu»  air  it  has  displaced,  provided  for  the  purpose,  having  a  valve 

it  will  press  on  the  level  E  F  with  a  less  m  it  which  opens  inwanls.  Tliis  receiver, 

force ;  but  the  level  E  F  will  press  on  it  or  maijazine  of  compiessed  air,  is  screw 

with  the  same  force  as  before;  and,  ed  upon  the  stock  of  the  air-gim,  so  tlu4 

tiicrcfore,  being  pi-esscd  upwards  with  a  a  conununication  can  be  made  bctv 


^.    i 
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ftut  bum  tnd  the  compressed  air,  by  may  be  continiied  until  it  become  per- 

opaang  the  valve  by  proper  mechanism  fecUy  inaudible.    Upon  aUowin^  the  air 

nro^^ded  for  that  purpose.    A  bullet  to  return  gradually  into  the  receiver,  the 

Deing  Dlaced  in  the  barrel,  and  the  valve  bell  will  become  gp*adually  louder,  until  as 

openeat  the  condensed  air  will  press  it  much  air  be  admitted  as  was  withdrawn. 

wward,  and  this  pressure  will  continue  Air,    however,  although    the   most 

until  the  bullet  leaves  the  mouth  of  the  usual,  is  neither  the  only  nor  the  best 

MoreL  conductor  of  sound.  Other  elastic  fluids. 

The  best  construction  of  the  air-gun  is  as  vapours  and  gasses,  have  this  pro- 

Mariirfs,    It  has  a  lock,  stock,  barrel,  perty  in  common  with  air,  as  may  be 

ranirod,  8cc.,  similar  to  a  common  fowl-  proved  by  introducing  them  into  the 

ing-piece.    The  magazine  for  condensed  exhausted  receiver  in  place  of  the  air 

■ir  19  a  strong  hoUow  copper  ball,  in  which  has  been  withdrawn  from  it.    In- 

which  air  is  condensed  by  a  syringe.    If  elastic  fluids  or  liquids    also  conduct 

tiie  ur  be  highly  condensed,  a  ball  will  sound.    If  two  stones  be  struck  together 

be  projected  by  this  instrument  to  the  under  water  the  sound  will  be  heard,  tlie 

distance  of  sixty  or  seventy  yards.    A  ear  being  placed  under  the  same  water. 

namber  of  balls  may  be  discharged  in  Solid  bodies  also  conduct  soimd.    If  a 

rapid  succession,  wiUiout  requiring  any  beam  of  wood,  of  considerable  length,  be 

ftirther  condensation  in  the  magazine.  struck  at  one  end,  the  sound  will  be 

audible  to  an  ear  placed  close  to  it  at  the 

Chaptkr  V11--.0»  Soundi.  o^^er  end,  although  the  same  sound 

would  be  perfectly  inaudible  to  an  ear  at 

(53.)    Sound  is  the  sensation  pro-  the  same  distance,  in  any  other  dircc- 

daced  in  tlie  mind,  when  the  organs  of  tion,  from  the  striking  body. 

hearing  are  affected  by  peculiar  motions,  (55.)  The  propagation  of  sound  is  not 

transmitted  to  them  through  the  medium  instantaneous ;  that  is  to  say,  the  sensa- 

of  the  air  or  other  bodies.  tion  is  not  produced  at  the  same  instant 

To  enter  into  any  details  on  the  theoiy  as  the  motion  in  the  sonorous  body 

of  sound,  would  require  a  much  more  which  causes  it.    If  a  gun  or  piece  of 

extended  discussion  than  would  be  con-  ordnance  be  discharged  at  a  consider  • 

nitent  with  the  limits  which  our  plan  able  distance,  the  flash  will  be  first  seen, 

necessarily  prescribes   to    the  present  and  after  a  considerable  interval  has 

Treatise.    We  shall,  therefore,  in  this  elapsed,  the  explosion  will  be  heard.  In 

chapter,  confine  ourselves  to  the  state-  like  manner,  lightning  always  precedes 

ment  and  explanation  of  a  few  of  the  thunder  by  an  interval  of  some  seconds. 

most   important   properties   connected  It  thus  appears,  that  sound  is  propa- 

with  the  propagation  of  sound.  gated  through  the  air  with  a  certain 

When  an  elastic  body  is  struck,  it  ac-  velocity ;  and  to  determine  experiment- 
quires  a  tremulous  or  vibratory  motion ;  ally  this  velocity  has  been  considered  an 
ttiis  motion  is  communicated  to  the  air  interesting  physical  problem. 
which  surrounds  the  body,  and  produces  By  a  compaiison  of  the  most  accu- 
in  it  corresponding  undulations,  by  rate  experiments  which  have  been  made 
which,  the  ear  being  affected,  the  scnsa-  on  the  subject,  we  may  conclude  that 
tion  of  sound  is  produced.  The  air  being  the  atmosphere,  in  its  ordinary  state, 
thus  the  most  usual  medium  by  which  conducts  sound  at  the  rate  of  1130 
we  receive  the  sensation  of  sound,  this  feet  per  second.  The  velocity  is  sub- 
part of  physical  science  has  been  gene-  ject  to  some  slight  variation,  owing 
rally  considered  as  a  branch  of  pneu-  to  the  change  of  temperature,  the  mois- 
matics,  but  imder  the  separate  name  of  ture  suspended  in  the  air,  and  other 
AcousticJf.  causes ;  but  1130  feet  may  be  taken  as 

(54.)  That  it  is  the  ah*  surrounding  the  an  average  rate.  This  rate  also  supposes 

sonorous   body    which    transmits    the  the  atmosphere  to  be  perfectly  calm.  If 

sound  to  the  ear  may  easily  be  proved.  there  be  a  wind,  its  velocity  must  be 

Let  a  small  bell  be  suspend^  in  the  added  to  the  velocity  already  mentioned, 

moveable  receiver  of  an  air-pump.    Be-  when  it  blows  from  the  sounding  body 

fore  the  process  of  rarefaction  com-  to  the  ear ;  and  subtracted  from  it  when 

mences  let  the  receiver  be  shaken,  so  it  blows  in  a  contrary  direction. 

that  the  bell  may  ring,  and  the  sound  will  Different  bodies  conduct  sound  with 

be  distinctly  heard.    As  the  rarefaction  different  velocities.    A  beautiful  expe 

proceeds,  tihe  sound  of  the  bell  will  be  riment  was  lately  instituted  at  Paris,  to 

gradualljr  weakened,  and  the  process  illustrate  thb  fact,  by  Biot.    At  the  ex 
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tremity  of  a  cylindrical  tube,  upwards  of 
3000  feet  in  length,  a  ring  of  metal  was 
placed,  of  the  same  diameter  as  the 
aperture  of  the  tube ;  and  in  the  centre 
of  this  ring,  in  the  mouth  of  the  tube, 
was  suspended  a  clock-bell  and  hammer. 
The  hammer  was  made  to  strike  the 
ring  and  the  bell  at  the  same  instant,  so 
that  the  sound  of  the  ring  would  be 
transmitted  to  the  remote  end  of  the 
tube,  through  tlie  conducting  power  of 
the  matter  of  the  tube  itself;  wliile  the 
sound  of  the  bell  would  l>e  transmitted 
through  the  medium  of  the  air  include<l 
within  the  tube.  The  ear  being  then 
placed  at  the  remote  end  of  the  tube, 
the  sound  of  the  ring,  transmitted  by 
Uie  metal  of  the  tube,  was  first  distinctly 
heard;  and  ai\er  a  short  interval  had 
elapsed,  the  soiuid  of  the  bell,  transmit- 
ted by  the  air  in  the  tube,  was  heard. 
The  result  of  several  experiments  was, 
that  the  metal  of  the  tube  conducted  the 
sound  with  about  ten  and  a  half  times 
the  velocity  with  which  it  was  conducted 
by  the  air ;  that  is,  at  the  rate  of  about 
11,805  feet  per  second. 

(56.)  Sound  is  reflected  from  hard  and 
smooth  surfaces,  according  to  laws  simi- 
lar to  those  which  govern  the  reflection 
of  liffht ;  and,  similar  to  light,  it  is  pro- 
pagated in  right  lines. 

Let  A  ifig.  31.)  be  the  position  of  a 
soundhig  body,  and  let  B  C  be  a  smooth 

fig^  31. 


and  hanl  surface  at  the  distance  AD, 
the  line  A  D  being  perpendicular  to  B  C. 
The  soiuul  is  propairate<I  in  right  lines 
divergins:  from  A,  and  the  rays  of  sound 
strike  the  surface  B  C  at  the^  points  P^ 
F,  G.  II,  I,  &c.  They  are  then  reflected 
from  the  surface  B  (J,  at  angles  e(pial  to 
those  at  which  they  strike  it ;  that  is, 
the  angle  DEA  is  equal  to  B  E  K, 
DFA  is  equal  to  B  F  L,  DGAto 
B  G  M,  &c.  Now,  if  this  be  the  case, 
by  a  well-known  geometrical  theorem, 
the  lines  K  E,  L  F,  M  G,  N  H.  &c.,  if 
continued  back  in  the  directions  K  E, 
L  F.  &c.,  will  all  meet  in  a  point  A',  as 
far  behind  the  surface  B  C,  as  A  is  l>e- 
fore  it  \  so  tliat  AD  =  A'D.    The  rays 


of  sound,  £K»  FL,  GM,  & 
therefore  proceed,  as  if  they  ei 
from  a  sounding  body  placed 
These  rays  of  sound  will  therefo: 
an  ear  placed  any  where  with 
range,  as  at  X,  exactly  as  if  the 
ing  body  were  placedf  at  A' ;  i 
sufficient  number  of  these  reflec 
meet  the  ear  at  X,  the  reflect e 
will  be  heard.  But  the  sound  o 
be  flrst  heard  in  the  direction  of 
A  X,  so  that  a  repetition  or  ecM 
the  effect.  The  line  X  A  being  !< 
X  A,  the  direct  sound  in  the  li 
will  i)e  first  heard  ;  and  after  an  i 
equal  to  the  time  wliich  sound  ' 
move  through  a  space  equal  to 
ference  between  the  distances  X 
X  A',  the  echo  will  be  heard. 

When  there  is  but  one  reflecti 
face,  it  seldom  happens  that  a  si 
number  of  rays  of  sound  meet 
to  produce  sensation,  in  which  • 
echo  will  be  perceived.  But  if 
be  placed  at  the  sounding  hoc 
if  smooth  and  hard  suiiaccs  be 
in  various  directions  round  tins 
they  will  severally  reflect  ba 
sound.  In  order,  however,  that 
tion  should  be  produced,  it  ' 
necessary  that  a  number  of  these 
tions  should  reach  the  ear  at  tl: 
instant.  This  will  necessarily 
case  if  a  number  of  the  reflectii 
faces  ai'e  at  equal  distances  fr* 
ear  and  the  sounding  body.  1 
the  place  of  the  eai*  and  the  so 
body  be  the  centre  of  a  circle, 
in  the  circumference  of  this  cin 
at  right  angles  to  lines  drawn  fr 
centre,  a  number  of  plane  rellectii 
fjices  be  placed,  the  rays  of  soui 
ceeding  from  the  centre  will  be  n 
back  to  the  centre,  so  as  to  prt 
distinct  perception  of  the  soun< 
echo.  The  number  of  see<.)nds  h 
the  production  of  the  sound  i 
echo  may  be  found  by  di\idin^ 
the  number  of  feet  in  the  radius 
circle  by  1130. 

Let  C  (/^^:^•2.)be  the  place  of  th 
tor,  and  A,  B,  D,  E,  F  Ih*  pUme 
ing  surfaces  placed  in  the  circum 
of  the  sfune  circle.  The  sound  pr 
at  C  moves  along  C  A,  and  bei 
fleeted  at  A,  returns  aiong  A  < 
aiTives  at  C  after  as  many  seco 
1130  feet  are  contained  in  twic 
Since  the  lines  AC,  B  C,  DC 
F  C  aie  equal,  the  sound  is  re 
from  the  suifaces  B,  D,  E,  Fin< 
tlie  same  time  as  from  A.    N< 
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in^,  tangents,  to  the  curve  at  these 
points.  By  the  established  properties 
of  this  curve,  the  sums  of  the  distances 
of  each  point  in  it  from  the  foci  A  S  are 
the  same ;  that  is,  AB4-BS  =  AC  + 
C  S  =  A  D  +  D  S,  &c.  Also  the  angles 
which  each  pair  of  these  lines  make 
with  the  respective  tangents  are  equal ; 
that  is,  the  angle  A  B  a  is  equal  to  the 
angle  S  B  A,  A  C  c  =  S  C  rf,  &c.  Hence 
it  follows,  that  sounds  proceeding  from 
S  in  the  direction  S  B  will  be  reflected 

>i^.  33. 


one  of  these  reflections  miijfht 
ifiicient  to  render  the  oc-lio  per- 
%  yet  their  combined  effect  cannot 
lo  so. 

n  accident  or  design  has  placed 
tj  in  sucli  a  position,  an  echo  will 
•e  be  the  consequence,  and  it 
}n  happen  Unit  the  same  point  C 
the  centre  of  several  concentrical 
of  reflecting  surfaces,  in  wliich 
ere  will  be  as  many  reverbera- 
Mhe  sound, 

?  sound  be  produced  at  one  point, 
i  auditor  l)e  placed  at  another, 
eeting  surfaces  nuist  be  placed 
lipse,  of  ^^hich  those  two  points 
foci.  This  will  be  easily  under- 
y  the  aid  of  the  known  properties 
ijurve. 

5  (/(7,  33.)  be  the  place  of  the 
lu;  body,  and  A  the  place  of  the 
.  and  with  these  points  as  foci, 
llipse  B,  ( ■,  I),  &c.  be  described. 
C,  D,  K,  iScc.  be  ])lane  surfaces, 
ng  at  the  points  H,  (J,  D,  E,  &c. 
;  ciu^e,  or,  more  strictly  speak- 


from  B  in  the  direction  B  A ;  also  the 
sound  from  S  to  C  will  be  reflected  from 
C  to  A ;  and  in  the  same  manner  the 
rays  of  sound  proceeding  from  S  and 
striking  on  D,  E,  F,  &c.  will  also  be 
reflected  to  A.  And  since  the  spaces 
through  which  these  several  rays  have 
to  move,  viz.  SB  +  BA,  SC+CA, 
S  D  +  D  A,  &c.  are  equal,  they  will  all 
arrive  at  A  at  the  same  instant,  and  will 
consequently  be  sufiicient  to  produce 
sensation.  Tiie  sound  of  S  will,  therefore, 
be  first  heard  directly  along  S  A,  and 
afterwards  by  the  reflections  just  de- 
scribed. If  it  happen  that  there  are  a 
sufficient  number  of  reflecting  surfaces 
in  several  ellipses  having  the  same  points 
S  A  as  foci,  tliere  will  be  several  repeti- 
tions of  the  echo. 


Chapter  VIII. 

Works  upon  this  Braiich  of  Science* 

nde'a  Mathematical  KUMiionts  of  Natural  Philosophy,  book  II,  part  III. 

n's  Lectures  on  Select  Subjects,  I^ct.  VI. 

'  two  works  give  a   popular  exhibition   of  the  science;  and  describe  fully  Uie 

it>nts  which  iilustiate  it,  and  the  machines  to  which  it  is  appbed.     Kownin^i 

l*hilosoj>hy  gives  an  easy  and  somewhat  more  superficial  account  of  it. 
leads  of  tlie  subject,  but*  only  as  heads  for  lecturing  from,  are  lo  be  found  more 
y  given  in  Prof.  Play  fair  and  Ur.  M,  Young's  Outlines  of  Natural  Philosophy. 

History  of  the  Fundamental  Discovery 
s  Dialogues.  The  rise  of  fluids  in  tubes  by  suction  is  ascribed  to  nature's  hoiror 
-acuum,  but  some  of  the  ex|)eriments  by  which  the  weight  of  air  is  shewn  are 
bed. 
-Nouvelles  Experiences   touchant  leVuide.    This  was  first  published  before 

the  date  of  the  Torricellian  Experiment,  and  Pascal  adopts  Galileo's  notion. 

164S  he  followed  Torricelli,  and  caused  the  experiment  of  Puy  de  Dome  to  b« 

on  the  fall  of  the  mercury  as  we  mount  in  the  almoiphere,  and  repealed  it 
hurch  at  Paris. 
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OesCartes,  Tetters  III.,  p.  Ill,  ICSl,  explains  the  rite  of  Mercury  in  clote  tubes  by  tba 
weight  of  the  atmosphere. 

Stevinus.  1585,  publiahrd  in  Flcjnisli  his  Mechanics,  and  one  chapter  U  entitled '  On  the 
Weight  or  Statics  of  Air/     Moutucla  (History  of  Mathem.  II.  180),  had  never  seei 
it;  the  I^tin  translator  of  Stevinus's  works,  published  1 60R,  having  omitted  this  part,  be 
seems  to  suspect  that  it  only  di.sciissed  the  force  of  air  impinging  on  sails,  &c.     Monti 
cla  (II.  203)  gives  the  history  of  the  Torricellian  Discovery  in  a  very  striking  manner. 

The  Theory  of  the  Resistance  of  Elastic  Fluids,  to  bodies  moving  in  them,  a  branch 
of  Dynamics  rather  than  Pneumatics,  is  g:iven  in  some  profound  and  beautiful  proposi- 
tions of  the  Principia:  ^ee  lib.  II.,  props.  31  and  35.  87  and  38,  40,  and  the  scholium  to 
it,  in  which  Sir  l.«aac  relates  his  admirable  experiments  on  bodies  falling  in  the  air,  and 
among  others  the  experiments  on  bodies  falling  from  the  roof  of  St.  PauPs  (2S0  feet) 
made  in  June  1710.  Props.  4^.  17,  48.  and  49, contain  the  theory  of  pulses,  and  their 
propagation  through  elastic  media,  and  consequently  the  theory  of  sound. 

There  are  many  valuable  papers  on  subjects  connected  with  Pneumatics  in  the 
Philoiophical  Tranxnctinns^  : — 

Experiments  on  the  Compression  of  Air  by  Water Dr.  Ilalley  on  the  Barometer.— 

Dr.  Pupin,  on  Air  rushinp^  into  a  Vacuum. — llauksbee,  on  Sound  propagated  in  con- 
densed and  raietied  Air. — llauksbee,  on  tlie  Density  and  Temperature  of  Air. — Desago- 
Iicr*s  Experiments  on  Bodies  falling  in  Air.  (This  last  set  of  experiments  is  described  b; 
Sir  I.  Newton  in  the  Scholium  above  referred  to.  lie  appi^ars  to  have  assisted  and  lakei 
the  limes.) — Derham,  Motion  of  Pendulums  in  Vacuo. — Darwin,  on  the  Mechanical 
Expansion  of  Air. — Edgeworih,  on  the  Resistance  of  Air. — On  the  Motion  of  Air*— 
Dr.  Young*s  Pajier  on  Sound  aud  Li;;ht. 

The  Air-Pump. — Smeaton*s  proposed  Air-Pump. — Naime^s  Experiments  with  that 
and  other  Pumps. — Cavallo^s  Air  Pump.— (There  are  in  the  older  volumes  some  papers 
on  the  same  subject,  bi>;;inninp^  with  the  proposals  by  Dr.  Ueale  and  Mr.  Boyle,  of 
several  experiments  to  be  made  with  the  *•  Pneumatic  Engine.") — Mr.  Boyle's  Ne« 
Pneunmtical  Experiments  about  Respiration — (all  in  the  Philo^phical  TVaiiMMlipiit.) 

Boyle's  Treatise  on  the  Spring  and  Weight  of  Air,  Oxford  ITCS. 

Boyle,  on  the  Rarity  and  Density  of  Air — Marriotte  sur  la  Nature  de  TAir,  I6T6. 

Homberg  on  the  Spring  of  Air  in  Vacuo.  Mem.  of  the  French  Acad,  of  Sciences,!.  105. 

I^a  Hire  on  the  Condensation  and  Dilatation  of  Air,  ib.  1705,  p.  1 10. 

Carr<?  on  the  Spring  of  Air,  ib,  1710,  p.  1. 

Richmann  on  the  Compression  of  Air  by  Ice.     Nova  (Comment.  Petropolitana,  II.  IW 

Nollet  on  Pneumatic  Experiments.  Mem.  French  Acad.  1740,  pp.  385,  567^1711, 
p.  3X8. 

Fontana  on  the  Elasticity  of  Gases.    Mem.  Societa  Italiana,  I.  p.  83. 

The  Barometer, — Traiie  des  Barometres.  Amsterdam,  IfiSG. — Mercurial  and  Water 
Barometers  compared.     Mem.  Fr.  Acad.  I.  281. — Amontonson  Barometers,  ih.  U.  8S.— 

Iluygen.'»on  a  New  Barometer,*/;.  X.  375 Iai  Hire  on  Barometeis,  ib,  1706,  p.  432.— 

Franceschini  on  the  Ilei^flit  of  the  Barometer.     Mem.  Soc.  llal.  V.  294. DaltononBi- 

romelrical  Observations.     Manchester  Mem.  V.  GCC. 

liaro metrical  Menxurements. — Ilalley,  Barometrical  Observations  on  Snowden.-- 
Ilalley  on  Barometrical  Measurements.— Derliam  on  the  Height  of  the  Barometer  oa 
Mountains. — Desagulii-r's  Conlrivance  for  taking  Levels. — Schcuchzcr's  Barometrical 
Method  of  Measurin;^  the  Height  of  Mountains. — Deluc,  Barometrical  Observations  on 

the  Depth  of  Mines — Sir  G.  Shuckburgh. — Gen.  Roy  on  Measurement  of  Heights (all 

in  the  Pkilo^opUicnl  Tran^ncliont.) 

Euler  on  Barometrical  Measurements.     Mem.  Acad.  Berlin,  1753,  p.  114. 

Lavoisier  on  Weight  of  Air.     Mem.  French  .Acad.  1774,  p.  S64. 

Morozzo  on  the  Constitution  of  the  Atmosphere.     Mem.  Soc.  Ital.  VI.  221. 

Plavfair  on  the  Causes  u  hich  atfect  the  accuracv  of  Barometric  Measurements  Edin. 
Trans.'  i.  87. 

Acoustics,  or  Doctrine  of  Sound 
Perraulton  llenrinf.    Mem.   Fr.  Acad.  I.  158. — Nollet   on  the   Hearing  of  Fishes,  tft 
174S,  p.  199 — Anderson  on  the  same  subject,  ib.  1718,  p.  149.— Hunter  on  the  sam* 
subject.     Phil.  Trans.  1782,    p.  879.— I-i  Hire  on  Sound.     Mem.   Fr.    Acad.  17 If.,  p.  . 
2o2.—Cassini  on  Sound,  ib.   1788,  p.  128 — I^grange  on  Sound.     Mem.  Acad.  TuriOi 

I.  II.— Euler  on  the  Propagation  of  Pulses.     Nov.  Com.  Petropol.  I.  67. Euler  on  tb< 

jamc  subject.     Mem.  Acad.  Berlin,  1765,  p.  S35. — J.  Gough  on  Sound.     Manclieslcc 
Mem.  V.  022. 

*  Tkt  psf«i  rrftrred  to  in  the  Philoiophica  ITranvaetioni  will  be  euilj  TonDd  by  eoasvUinr  tke  \minU 

tb«  AhridgtikcnU  waat  of  upsce  prevtnting  tbtir  iDsartios  here. 
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Chapter  I.  Lavoisier  to  distitij^iisli  the  cause  of 

heat  from  the  sensation  which  \vecah 

tarkx,  upon  thp.  Agency  of  \^y  ^^^j  j-ame  name ;  but  the  terms  caloric 

i/jf  coHHtuvon  with  C  heini  -  ^nd  cxdurific fluid  seem  to  imply  the  ma- 

^»  terial  nature  of  heat,  w  hich  nas  not  yet 

cursions  over  the  surface  of  ^e"  ^xo\^i\.  The  /»^/  of  the  sun's  ra>;s 

innumeral)ie  objects  excite  *»  a  common  form   of  expression ;  it 

on,   and  contribute  to  in-  seems  to  convey  just  as  clear  an  idea  as 

.     But  whether  our  t-rati-  **^e  calonc  of  the  sun  s  rays ;   aiid  is 

:ene<l  by  the  verdure  of  the  more  conformable  to  common  modes  of 

istre  of  the  waters,  or  the  speech:  the  heat  which  we  feel  is  ano- 

the  air,  it  is  to  the  benefi-  ^^^^r  equally  common  form  of  expression, 

)f  Heat  (under  Providence)  ^^  ^"^^^  applies  to  the  sensation  produced, 

•    indebted    for    them    all.  while  the  foinier  use  of  the  word  marks 

'  presence   and    effects    of  the  cause,  whatever  it  be,  that  produces 

h  would  be  an  impenetrable  J  he    sensation.      The    common    usa^e 

Die  of  suppoiiini:  animal  or  J\^  ^^"^  ^eeji,  it  thus  appears,  to  apply 

;;  the  wutfis  would  be  for  this    term    both    to  heat,    and  to   the 

d  of  their  Ihiidily  and  mo-  ?«nsation  which  heat  produces ;  and  it 

u  air  of  its  elasticity  and  its  >s  still  so  apnlied  in  tlie  works  of  the 

yj.  most  scientific  writers ;  the  meaning  of 

ales,  invijrorates,  and  beau-  <!»«  expression  in  which  it  is  used  being 

ure      Its  infiuence  is  abso-  considered  sufficient  to  prevent  any  am- 

iry  to  enable  plants  to -row.  ^i?^%  ?r  confusion.    The   author  of 

ir  flowers,  and  pertVnt  their  1*}^^  treatise  does  not.  therefore,  consider 

closelv  connected  with  the  *^»"^«elf   bound  to  adhere  to  the  term 

fe;  since   animuteil   beings  cfl/onc,  although  he  may  sometimes  find 

ility  when  heat  is  wit  hdrawn.  **^e  "se  of  it  convenient, 
e  universal  influence  of  this 

ent  in  the  kinirdoms  of  na-  Chapter  II 

this  influcMiee  (lijmnished  in         ^j  ^^^  ^r^^^^  ^  Caute  of  Heat. 
iotai-t.     It  IS  with  the  aid  of  •'  "^ 

ks  are  rent,  and  the  hidden  Whoever  is  employed  in  examining 

the  earth  obtaine<l.    Matter  refined  and  powerful  natural  agencies, 

ten   thousand   ways  by  its  must  speedily  be  convinced   that  the 

rendere*!  subservient  to  the  causes  of  such  agencies  still  continue 

an;    furnishing    him    with  unknown;  notwithstanding  the  patient 

appropriate    instruments,  and  persevering  efforts  of  learnetl  men, 

»niamental  clothing,  whole-  tlirough   many    ages    of   investigation. 

elicious  food,   needful   and  This  is  strictly  true  with  regard  to  heat 

Iter.  or  caloric ;  concerning  w  hich  it  cannot 

f  temperature  facilitates  the  be  detemiiued  whether  its  phenomena 

f  chemistry  in  vaiious  ways ;  arc  occasioned  by  a  subtile  fluid,  capa* 

by  heiirhtening  the  attrac-  ble  of  entering  into  bodies  and  of  being 

.hich  the  particles  of  mat-  emitted  from  them,  or  by  motion,  vibra- 

each  other,  and  thus  ena-  tion, or  rotation  excited  among  the  parti- 

to   combine  together.      In  cles  of  matter.     The  ai^uments  which 

2es  the  particles  which  enter  have  been  adduced,  and  the  experi- 
iposition  of  compound  bo-  ments  which  have  been  made,  are  incon- 
nain  in  close  contjict  with-     elusive,   however  varied  and  ingenious 

unless  the  teiiiperatiu'e  is     they  may  be. 
then  the  combination  pro-         Pictet  susi)ended  a  thermometer  in  mn 
apiility.  exhausted  retreiver ;  and.  finding  that 

Calo/ic  was  in^riHlucetl  by     was  capable  of  uuderj^oUxv;  viVvaxvijjfe* 

u 
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lemperature  vihi\e  in  that  situation,  he 
regarded  this  as  a  proof  that  heat  is 
material,  on  account  of  its  capabihty  of 
pa.^sing  throuii:!!  a  vacuum. 

Count  Runilord  proved  the  passage 
of  heat  throuirli  a  Tonicelhan  vacuum, 
that  is,  the  space  left  at  tlie  top  of  a  ba- 
rometer by  the  meixrurv  faihng.  He 
placed  a  thermometer  fn  such  a  va- 
cuum, and  submitting  the  whole  appa- 
ratus to  changes  of  temperature,  the 
thermometer  was  affected  by  every 
change.  The  Count  imai^ned  that  the 
very  subtile  vai)our  which  arises  from 
quicksilver,  and  occupies  the  space 
called  the  Ton-icellian  vacuum,  is  too 
rare  to  transmit  caloric  by  its  vibrations 
in  a  short  time  ;  and  concluded,  there- 
fore, that  heat  being  able  to  pass  through 
such  a  space,  without  the  aid  of  any 
vibrating  elastic  fluid,  must  be  material. 

The  strouijest  argument  in  favour  of 
the  material  nature  of  heat  is  probably 
that  which  is  derived  from  its  radiation. 
When  a  heated  l)ody  is  exposed  in  the 
atmosphere,  a  portion  of  its  heat  gi-a- 
dually  quits  it,  and  passes  rapidly 
through  space  in  straight  lines :  this 
heat  may  be  reflected  by  min-ors  and 
condensed  by  lenses  ;  ana  always  pro- 
duces eifects  upon  bodies  exposed  to  its 
influence. 

Attempts  were  made  by  Button,  Roe- 
buck, and  Whitohurst,  to  ascei-tuin  if 
the  weight  of  l)()dies,  to  which  heat 
is  apphed,  is  increased:  but  their  expe- 
riments have  been  considered  deficient 
in  philosophical  accuracy. 

A  ver)'  remarkable  result  was  obtained 
by  Dr.  For»'yce  in  an  experiment  to 
determine'  the  weii^ht  of  latent  heat, 
describetl  in  the  75th  vol.  of  the  Philo 
sophical  Transactions.  He  put  about 
1700  gniins  of  water  into  a  t^lass  irlobe, 
three  inches  in  dianieti-r,  ami  seiUed  it 
hermetically;  it  then  weii^hecl  •21.')()-1J 
grains;  its  temperature  having  been 
reduced  to  3J'  by  being  plunirod  in  a 
freezing  mixture.  When  its  woiixhl  was 
ascertained,  it  was  again  submitted  to 
the  fi-eezing mixture  for  twenty  minutes, 
until  a  part  of  the  water  was  frozen. 
Its  weight  was  ascertained,  after  it  had 
been  very  carefully  dried,  and  it  was 
found  to  have  gained  j'otli  pail  of  a 
grain. 

This  process  was  repeated  five  times, 
more  of  the  wuter  being  frozen  each 
time,  and  an  increase  of  weight  obtained. 
"When  all  the  water  had  become  solid, 
ttia  weight  gained  was  A  of  a  grain ; 

A  temperatui-c  of  the  g'obe  and  the  ice 


which  it  contained  having  been  rinluctil 
to  12°  of  Fahrenheit's  scale.  The  beam 
used  was  a  veiy  delicate  one,  and  the 
temperature  of  the  room  during  the  ex- 
periment was  37°. 

Sunilar  experiments  were  made  by 
Mor\'eau  andChausier,  with  similar  re- 
sults; sealed  glass  vessels  containinir 
water  becoming  iieavier  when  they  were 
frozen.  In  one  experiment,  two  poundg 
of  sulphuric  acid  lost  three  grains  of 
its  weight  when  it  became  fluid,  after 
having  been  frozen. 

Were  the  results  of  these  experiments 
satisfactorily  established,  they  would 
prove  that  bodies  become  heavier  on 
the  discharge  of  caloric;  and  conse- 
quently, that  the  combination  of  caloric 
with  a  body  renders  it  lighter. 

A  fallacy  in  determining  the  results  of 
these  experiments  may  be  ascribed  to 
overlookmg  the  fact,  tnat  the  air  above 
the  scale  being  cooled  down,  by  the 
frozen  body  in  it,  to  a  lower  degree  than 
the  other  parts  of  the  atmosphere  of 
the  room,  tiiat  portion  of  it  below  the 
scale  would  necessarily  be  displaced, 
and  the  scale  preponderate.  But  other 
philosophers  have  tried  exx)eriments  of 
the  same  kind,  without  obtaining  cor* 
resi)onding  results. 

The  weight  of  frozen  and  liquiil  sul- 
phuric i;cid  was  tried  by  Fontana,  with- 
out finding  any  diflerence. 

Lavoisier  took  a  thin  glass  flask  con- 
tai!iing  a  i)ound  of  water,  and  having 
hermetically  scaled  it,  weighed  it  very 
accurately,  and  then  submitted  it  to 
the  usual  cooUng  process,  by  which 
the  water  was  frozen;  but  tlie  flask 
weighed  exactly  the  same  when  ith  con- 
tents were  solid  as  when  they  were  fluid. 
In  another  ex})eriment  the  same  philo- 
sopher put  SIX  grains  of  phosphorus 
upon  a  small  capsule,  within  a  ven* 
sti'on^  glass  flask,  which  he  closed  se- 
curely ;  he  then  weighed  it,  with  great 
cure,  and  aflerw  ards  inflmned  the  plios- 
pliorus,  by  directhig  upon  it  the  rays 
of  the  sun  through  a  burning  glass. 
No  diiferonce  of  weight  was  dii^covered 
when  the  \essei  was  weijjhed  again  al^er 
becoming  cold  ;  nor,  indeed,  could  aiij 
be  expected  fi-om  such  an  expei  nneiit. 

Count  Rumford  made  an  experiment 
which  seemed  to  confirm  the  result 
obtained  by  Dr.  Fordyce  and  others; 
but  on  varjins:  the  same  experiment, 
he  concluded  differently.  He  put  equal 
weights  oL water  and  quicksilver  into 
two  bottles,  veiy  much  alike,  and  ins- 
pended  them    to  tiie  arms  of  a  ddi- 
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balance,  until  they  acquired  the  There  are  phenomena,  however,  which 
temperature  of  the  room,  GP:  he  then  are  not  easily  reconciled  to  this  hj'po- 
gubmitted  them  to  the  influence  of  an  thesis ; — the  \\\^h  do^ee  of  lieat  oeca- 
atiiiosphereat3-i°  for  twenty-four  hours,  sioncd  by  the  explosion  of  n^unpowder, 
whliout  eli'ect,  as  the  weights  reuiiiined  where  large  quantities  of  gaseous  mat- 
precisely  the  same;  although  it  is  cer-  ter are  disengaged ; — the  heat  which  re- 
tain, from  the  respective  capacities  of  suits  from  the  decomposition  of  euchlo- 
the  two  fluids,  that  the  water  must  have  rine  gas,  although  it  is  resolved  intp 
given  out  much  more  heat  than  the  gases  of  greater  volume; — and  the  pro* 
quiclcailver.  auction  of  heat  by  friction  or  percus- 

In   making  other  experiments  with  sion. 
bottles   containing  different   fluids,  he        Dr.  Murray  was  of  opinion  tliat  there 
found  that  diiference  of  tempeiature  m  is  a  strong  analogy  between  the  usual 
the  bottle,  when  weighed,  occasioned  an  mode  of  exciting    electricity  and  the 
i^iparent   difference  of  weight,  as  he  production  of  heat  by  fiict ion,  and  that 
■upposed  firom  the    vertical    cvurents  the  phenomenon  may  be  explained  con- 
which  they  occasioned   in  the  atmo-  sistcntly  with  the  luqiothesis  alluded  to. 
iphere*  when  heated  or  cooled  in  it ;  or        According  to  this'author,  the  pailicles 
from  the  unequal  quantities  of  moisture  of  bodies  aie  nir.de  to  vibrate  or  oscillate 
condensed  upon  their  surfaces,  or  from  by  friction,  peicussion,  or  other  mecha. 
both  causes  operating  together.  meal  impulse,  and  that  during  this  state 
The  h}T>othesis,   or  supposition,  by  of   motion    they  must  ultimately  ap- 
which  caloric  is   considered  a  subtile  proach  to  and  recede  from  each  other : 
material  fluid,   the  particles  of  which  when  the  particles  approacli,  part  of  the 
mutually  repel  each  other,  ap]iears  to  caloric  interposed  between  these  par- 
give    a  plausible  explanation  of  most  tides  must  be  forced  out ;  and   when 
of  the    phenomena    dependant    upon  they  recede   from  each   other,  caloiic 
heat,  aa    the    expansion,   fusion,    and  must  be  absorbed.  A  part  of  the  caloric 
vaporisation   of    bodies,    on  the  sup-  set  free  at  every  vibration  is  evolved ; 
position  that  the  particles  of  caloric  and  it  is  supposed  that  its  loss  is  sup- 
when    intei posed   between    the    parti-  plied  by  other  bodies,  with  which  the 
cks  of  bodies,   in   sufficient    quantity,  body  operated  upon  may  be  in  contact, 
produce  these  effects.     It  is  natural  to  in  consequence  of  the  strong  tendency 
suppose,  when  a  body  is  enlarged  in  of  caloric  to  maintain  an  ec^uilibrium, 
tnuK,  that  the  enlargement  is  occasioned  in  the  same  way  as  electricity  is  supplied 
by  the  introduction  of  the  pailicles  of  to  an  electrical  machine  in  action  and  in 
other  matter,  by  which  tJie  particles  of  contact  with  the  earth. 
the  expanded  body  are  repelled  to  a        llie  caloric  that  is  continually  evolved 
fjreater  distance  from  one  am  Iher ;  and  raises  the  temperature  of  the  substince 
this  repulsion  becomes  so  great,  in  con-  undergoing  friction,  or  percussion,  which 
fequence  of  the  introduction  of  a  large  bears  some  analogy  to  the  charging  of 
quantity  of  heat,  as  to  enable  the  par-  an  electrical  conductor,  with  the  electri- 
tjclea  of  solid  bodies  to  assume  the  fluid  city  given  out  by  the  action  of  the  elec- 
or  aerifbrm  ktates.  trical  machine. 

The  communication  of  heat  from  one        It  has  been  proved  by  KerthoUet  that 

body  to  another  is  also  accounted  for  by  there  is  a  close  connexion  between  the 

this  hypothesis, — on  the  supposition  that  heat  produced  by  jH'icussion,  and  the 

biijieshave  the  power  of  attracting  this  reduction  of  bulk  >\liich  the  body  ope- 

reflned  matter.    According  to  tlie  same  rated  upon  under jroes.     I'it-ces  ot  gold, 

hypothesis,  we  may  account  for  the  un-  silver,  copper  and  iron,  ahke  in  sure, 

equal  effects  produced  1^  eijual  quan-  were  submitted  to  the  stroke  of  a  ccin- 

tides  of  heat,  upon  different  bodies,  by  ing  press,  by  this  pliilosoi^her,  and  the 

nipposing  them  to  exert  ditf'erent  de-  heat  produced  by  each  stroke  was  as- 

gnes  of  attraction  for  caloric.     The  certamed  by  thi owing  the  pieces   mto 

cold  which  is  occasioned  by  tlie  con-  water ;    the  relation    existing  between 

version  of  solid  substances  into  fluids  the    degree  of  heat  imparted   to  the 

or  gases,  and  the  great  inci-ease  of  tem-  water,  and  the  heat  previously  existing 

pcratuns  winch  attends  the  condensation  in  the  metal,  having  been  found  by  ex- 

of  naes  or  fluids,  admits  of  satisfactory  periment.    In  this  manner  he  was  ena- 

efaiGsdation  upon  this  h}iJOthesis,  the  bled  to  determine  how  much  the  tem- 

iiM^^r  of  heat  or  caloric  hein^   ab-  perature  of  each  piece  had  lieen  rais^id  \ 

scnfaed*  it  is  Buppased,  in  the  ioimcr  and  the  impoiAaivV  IvlcV  x^i^so\V\T\^  l!c^:i<cl^ 
LMte.  Mod  set  tiee  m  the  latter,  ^^  1 
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these  expenraents  is  this,  tliat  the  heat  is  known  to  some  of  the  leaat-dvirucJ 
produced  w-as  greatest  at  tlie  first  stroke  races  of  men,  who  hpht  their  fires  Iw 
to  which  each  piece  was  subjected,  kss  rubbing  two  pieces  of  wood  together.  It 
at  the  second,  and  less  still  at  the  third,  has  been  considered  as  furnishing  the 
After  the  third  stroke,  the  temperature  strongest  argument  against  the  mate- 
was  but  very  little  raised.    The  follow-  riality  of  heat ;    and  consequently  m 
ing  numlwrs  are  the  deerees  of  luat  ac-  favour  of  the  hypothesis  of  motion, 
conlinc  to  the  Centigiade  scale  which  It  occurred  to  Count  Rumford,  who 
*^he  strokes  of  the  press  occasioned  in  had  observed  the  great  heat  produced  in 
two  pieces  of  copper  the  oi>eration  of  boring  cannon,  that  the 
^  heat  occasioned  by  friction  might  be 
I  First  Piece       .      .      9.  TO  ascertained  by  a  similar  process.    He 
1  •I  Stroke   -j  s,^„nd  Piece    .            11.56  took  an  unbored  cannon,  with  the  lajp 
J  *•'"»* '*><='c^       •      •      '*-^^  projecting  piece  "two  feet  beyond  its 
2iid  stroke  "J  Second  Pi«ce    ,       .       2.09  muzzle,"    which   is   usually    cast  with 
.«     .      j  First  Piece       !      .      1.00  cannon  to    ensure  solidity:  this  pro- 
.<rd  Stroke    j  Second  Piece    .       .       0.81  jectinff  piece  was  bored,  and  reduced  to 

the  form  of  a  hollow  cylinder,  attached 
Tlie  other  metals  gave  similar  re-  to  the  cannon  by  a  small  neck :  the 
suits.  whole  apparatus  being  wrapped  in 
Tlie  quantities  of  heat  here  measured  flannel,  was  made  to  revolve  upon  it« 
by  tiie  Centigrade  scale,  may  easily  he  axis  by  the  power  of  horses,  and  a  blunt 
estimated  according  to  the  scale  of  steel  borer  was  pressed  against  the  Iwt- 
Falirenhcit,  on  recollectine:  that  one  tom  of  the  cylinder.  The  whdle  masi 
degree  of  the  former  is  equal  to  one  of  metal  at  the  commencement  of  the 
eight-tenths  of  the  latter,  or  that  1 0°  operation  being;  at  the  temperature  cf 
of  the  Centigrade  scale  are  equal  to  18°  60°,  the  force  with  which  the  borer  wti 
of  Fahrenheit.  pressed  against  the  cylinder  was  esti- 
It  appears,  therefore,  from  these  ex-  mated  at  about  10,000  pounds  avoirdu- 
periments,  that  the  deajee  of  heat  pro-  pois,  and  the  surface  of  contact  between 
duced  is  always  in  proportion  to  the  the  borer  and  the  bottom  of  the 
degree  of  condensation.  The  specific  c\'linder  was  about  two  square  inches, 
gravity  of  a  piece  of  copper  before  the  The  cylinder  had  made  960  tums  in 
first  stroke  was  8.8529,  after  it  8.8898  ;  half  an  hour ;  the  apparatus  was  then 
and  after  the  second  stroke  8.9081.  stopped,  and  the  heat  which  had  l)een 
The  specific  gravity  of  silver  l)efore  the  produced  ascertainetl,  by  introdirvtng  a 
operation  was  10.4667,  and  afler  it  mercurial  thermometer  into  amTfora- 
10.^838.  tion  of  the  cylindtr  extending  ft-om  the 
The  other  hypothesis  which  has  pre-  circumference  to  the  axis,  by  which  it 
vjuUhI  with  regard  to  the  cause  of  heat  was  found  that  its  temiH*rature  was 
is,  that  it  consists  in  motion  among  the  raised  to  130**,  which  was  considered  to 
particles  of  bodies.  be  a  correct  indication  of  the  mean 
The  invention  of  this  hv'pothesis  is  temperature  of  the  cylinder.  The  par- 
usually  ascribed  to  Lord  Bacon,  who  tides  of  iron  abraded  during  the  opera- 
having  observed,  in  some  instances,  a  tion  weighed  837  griins,  being  about 
connexion  between  rise  of  temperature  jJoth  part  of  the  whole  weight  of  the 
and  increase  of  motion,  concluded  that  cylinder. 

motion  is  always  the  cause  of  rise  of  The  experiment  waa  varied   by  the 

temperature,  or,  as  expressed  by  him-  same  philosopher.  He  fixed  a  cylinder 

self,  that  **  heat  aiises  troiii  violent  mo-  of  brass,  partly  bored,  in  a  box  contain- 

tion  in  the   internal  parts  of  bodies."  ing  eitrhteen  pounds  of  water,  excluding 

This  hypothesis  was  adopted  by  Boyle,  the  water  from  the  l>ore  of  the  cylinder 

and  the  opinions  which  Newton  main-  by  oiled  leathers.    The  borer  was  made 

tainod   als4i    eorresj)onded   with    it. —  to  revolve,   by  machinery,   thirty-two 

He  believed  "that  heat  consists  in  a  times  in  a  minute.      The  temperature, 

minute  vibratory  motion  in  the  particles  wliich  at  the  commencement  was  60^. 

of  bodies,  and  that  this  motion  is  com-  rose  in  an  hour  to  107^;  and  in  two 

municated  through  an  apparent  vacuum,  hours  and  a  half  the  wattr  boiled.    Tlie 

by   the  undulations  of  a  very   subtile  whole     apparatus,     v/eighing     fifteen 

elastic  medium,  which  is  also  conoemed  pounds,  was  raised  to  the  same  teffl- 

iii  the  phenomena  of  liglit.*'  perature.     In  estimating  the  quantilf 

The  production  of  heat  by  frii-tion  of  heat  prtxluced  in  tliis  exiierinaent 
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Count  Rumfonl  considered  it  to  be 
equal  to  that  of  nine  wax  candles,  each 
three*quarters  of  an  inch  in  diameter, 
burning  the  same  length  of  time. 

In  searching  for  the  source  of  heat  in 
this  experiment,  it  could  not  be  found 
in  aiiy  change  of  capacity,  as  the  bonngs 
contmued  of  the  same  capacity  as  the 
metal  from  which  they  were  abraded. 
The  air  of  the  atmosphere  having  been 
excluded  in  the  process,  no  par*  of  the 
heat  could  be  ascnl)ed  to  its  agency ; 
the  water  used  underwent  no  chemical 
chan^,  and  could  not,  therefore,  have 
contributed  any  portion  of  the  heat,  nor 
could  any  part  of  the  heat  have  been 
derived  n'om  surrounding  bodies,  as 
they  rather  received  heat  urom  the  mat- 
ter exposed  to  friction. 

The  Count  considered  it  proved  by 
these  experiments  that  heat  may  be  ob- 
tained, without  limitation,  by  subjecting 
metal  to  friction ;  and  concluded  that 
Vfhni  can  be  obtained  from  insulated 
bodies  without  limitation  cannot  be  ma- 
terial, and  believed  it  impossible  to 
account  for  such  phenomena  upon  any 
other  hypothesis  than  that  of  motion 
among  the  particles  of  bodies. 

It  had  been  liefore  proved  by  Boyle 
that  friction  in  vacuo  produces  heat,  he 
having  obtained  this  result  by  making 
two  pieces  of  'brass  rub  against' each 
other  in  the  exhausted  receiver  of  an 
air-pump.  Tlie  same  fact  was  proved 
by  Pictet,  who  found  that  the  intro- 
duction of  a  soft  substance,  such  as 
cotton,  between  the  rubbing  surfaces, 
increased  the  heat.  He  conjectured 
that  electricity  is  concerned  in  the  pro- 
duction of  heat  by  friction. 

Sir  H.  Davy  made  various  experi- 
ments illustrative  of  this  subject  He 
insulated  an  apparatus  for  occasion- 
ing friction,  bv  placing  it  on  ice  in 
vacuo,  in  which  situation  heat  was  pro- 
duced. Two  pieces  of  ice,  similarly 
circumstanced,  being  made  to  niD 
ajgainst  each  other,  heat  enough  was 
produced  to  melt  tliem.  The  heat 
produced  in  this  experiment  could  not 
arise  from  any  diminution  of  capacity, 
as  the  water  resulting  from  the  melt- 
ing of  the  ice  has  the  greiiter  capacity 
for  heat.  It  seemed  to  be  satisfactorily 
shown  also,  that  it  could  not  be  derived 
from  air,  and  the  same  conclusion  was 
drawn  from  these  experiments  that 
CJount  Rumford  drew  from  his,  namely, 
that  heat  is  produced  by  motion  among 
the  particles  of  bodies. 


Having  thus  detailed  the  most  re- 
maricable  experiments  favourable  to 
both  of  the  prevailing  hypotheses  as  to 
the  cause  of  heat,  and  having  stated 
the  conclusions  drawn  from  mem,  it 
may  be  useful  to  quote  the  opinions 
of  two  philosophers  who  think  diffe- 
rently on  the  subject,  and  phice  them 
in  opposition  to  each  other. 

Dr.  Murray,  (System  of  Chemutty, 
third  edition^  vol.  i.  page  468.)  after 
describing  the  hypothesis  upon  which 
heat  is  supposed  to  be  material,  proceeds 
to  speak  of  the  other  in  the  following 
words: — "The  opposite  opinion,  that 
caloric  'iH  motion,  placing^  it  on  the  same 
ground,  or  considering  it  as  an  hypo- 
thesis, does  not  afford  an  explanation  of 
those  phenomena  equally  satisfactoiy. 
The  most  general  effect  arising  from  the 
operation  of  caloric,  is  expansion ;  but 
ii  caloric  is  mere  motion,  or  vibration  of 
the  particles  of  the  heated  body,  how  is 
this  effect  produced  ?  Vibration  is  the 
alternate  approximation  and  retroces- 
sion of  the  particles  ;  but  from  this  state 
it  is  evident  that  no  permanent  and 
uniform  increase  of  volume  can  take 
place.  Still  less  can  Uiis  cause  account 
for  the  au^entation  of  volume  which 
accompames  fluidity  and  vaporisation.  . 
When  water  is  converted  into  vapour, 
it  occupies  1800  times  the  space  which 
it  did  while  in  the  liquid  form..  Suppose 
vibration  increased  to  any  intensity,  it 
cannot  be  shown  how  it  can  permanently 
separate  the  particles  of  a  body  to  such 
distances.  The  deficiencies  of  this  opinion 
are  likewise  evident  in  its  application  to 
other  phenomena.  The  laws  of  its  pro- 
pagation through  bodies  are  different 
from  the  established  laws  of  motion. 
Were  they  the  same,  the  propagation  of 
caloric  ought  to  be  momentary  through 
elastic  bodies,  and  should  be  more  or 
Ifss  rapid  through  others,  according  to 
their  elasticity,  which  is  far  from  bSng 
the  case.  Neither  is  any  cause  pointed 
out  why  it  should  be  so  slowly  trans- 
mitted through  liquids  or  airs.  We  are 
equally  unable  to  account  for  its  distri- 
bution in  bodies,  and  the  quantities  of 
it  required  to  produce  given  tempera- 
tures in  different  substances,  or  the 
portions  of  it  absorbed  when  bodies 
change  their  forms,  on  any  laws  it  could 
observe,  supposing  it  to  be  any  species 
of  motion." 

Dr.  Young  (in  his  Lechtrei  on  Natu 
red  Phtlosophj/,  vol.  i.  page  653,)  pro- 
ceeds thus  with  the  discussion  of  Um 
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nature  of  heat,  *'  a  subject,"  says  he, 
"  upon  which  the  popular  oi)inion  seems 
to  )iave  been  lately  led  away  by  very  su- 
pcrftciat  considerations.  Tiie  facility 
with  which  the  mind  conceives  the  exist- 
ence of  an  independent  substance,  liable 
to  no  material  variations,  except  those  of 
its  quantity  and  distribution,  especially 
when  an  ai>propriate  name,  and  a  jilace 
in  the  oraer  of  the  simplest  elements 
has  been  bestowed  on  it,  appears  to 
have  caused  the  most  eminent  chemical 
philoso])hers  to  overlook  some  insupe- 
rable difficulties  attending  the  hypothe- 
sis of  caloric."  In  another  ])art  of  the 
same  passage  he  remarks,  that  "the  cir- 
cumstances which  have  already  l)€en 
stated,  resi>ectinff  the  production  of  heat 
by  friction,  a])pear  to  afFoi*d  an  unan- 
swerable confutation  of  the  whole  of  this 
doctrine.  If  the  heat  is  neither  received 
from  the  surrounding  bodies,  which  it 
cannot  be,  without  a  depression  of  their 
temperature ;  nor  derived  from  the  quan- 
tity alre:uly  accumulated  in  the  bodies 
themselves,  which  it  could  not  be,  even 
if  their  capacities  were  diminished  in 
any  imaginable  degree ;  there  is  no  alter- 
?iative,  but  to  allow  th.at  heat  must  be 
actually  generated  by  friction:  and  if  it 
IS  generated  out  of  nothing,  it  cannot  be 
matter,  nor  even  an  immaterial  or  semi- 
mat  enal  substance.  The  collateral  parts 
of  the  theory  have  also  their  separate 
difficulties :  thus,  if  heat  were  the  gene- 
ral principle  of  repulsion,  its  augmen- 
tation could  not  diminish  the  elasticity 
of  solids  and  of  fluids  ;  if  it  constituted 
a  continued  fluid,  it  could  not  radiate 
freely  tlirough  the  same  space  in  diffe- 
rent directions  ;  and  if  its  repulsive  par- 
ticles followed  each  other  at  a  distance, 
they  would  still  approach  near  enough 
to  each  other,  in  the  focus  of  a  buniing- 
glass,  to  have  their  motions  deflected 
from  a  rectilinear  direction." 

In  pa«re  65G,  the  same  author,  having 
drawn  a  parallel  between  the  production 
of  heat  and  sound,  observes  that  *'  all 
tlu^se  analogies  are  certainly  favourable 
to  the  opinion  of  the  vibrator^'  nature  of 
heat,  which  has  heen  suffieientlv  sane- 
tioned  by  the  authority  of  the  greatest 
philosophers  of  past  times,  and  of  the 
most  sober  reasoners  of  the  present. 
Those,  however,  who  look  up  with  un- 
qualified reverence  to  the  dogmas  of  the 
modern  schools  of  (ihemistiy,  will,  pro- 
bably, long  retain  a  ])artiality  for  the 
convenient,  but  superiieial  and  inaccu- 
rate, modes  of  reasoning,  which  have 


been  founded  on  the  favourite  hypothe- 
sis of  the  existence  of  caloric  as  a  sepa- 
rate substance ;  but  it  may  be  presumed 
that,  in  the  end,  a  careful  examination 
of  the  facts,  which  have  been  adduced 
in  confutation  of  tiiat  system,  will  make 
a  sufficient  impression  on  the  minds  of 
the  cultivators  of  chemistrj',  to  induce 
them  to  listen  to  a  less  objectionable 
theon."  Tlie  question,  therefore,  re- 
mains undetermined  ;  and  it  is  fortunate 
that,  most  of  the  phenomena  connected 
with  the  operation  of  heat,  may  be  ex- 
plained equally  well  upon  either  theory. 

Chapter  III. 

0/the  Expoftsion  of  Bodies  by  Heat. 

The  most  general  effect  produced  br 
heat  ui)on  bodies  to  which  it  is  applied, 
is  the  enlargement  of  their  bulk.  Solids, 
fluids,  and  airs,  all  expand  on  being 
heated,  and  contract  when  they  are 
cooled.  Some  useful  ])roeesscs  of  art 
and  sevenil  impoiiant  operations  of  na- 
ture depend  upon  this  law. 

The  expansion  of  soHds  may  readily 
be  proved  by  simple  and  convincing 
experiments. 

E.v.  A  cylindri-  ^ 

cal  piece  of  brass 
«.(/<?•!.)  lii*ving a 
handle  adapted  to 
it,  is  fitted  to  aflat 
piece  6,  so  that  it 
may  just  pass 
through  the  large 
notch  lengthwise, 
and  by  its  ends 
go  through  the 
round  hole :  when 
heated  in  the  fire 
it  will  be  too  long 
to  pass  in  one  di- 
rection, and  too 
thick  to  pass  in 
the  other.  Hav- 
ing become  cold,  it  will  again  flt  and 
pass  through,  as  before. 

Ex.  An  iron  ball^  adapted  to  a  rin? 
of  the  same  metal,  so  as  to  pass  throui^h 
when  cold,  will  be  too  large  to  pass 
wlien  heated;  when  cooled  again  it 
will  pass  as  before. 

If  the  relative  degrees  of  expansion 
which  different  bodies  undergo  at  low 
temperatures,  are  to  be  ascertained,  tbf 
instrument  (yfe-.  2)  called  a  pyrometer, 
or  some  similar  one  must  l)e  used. 

Ex.  A  rod  of  any  metal  or  othff 
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fig.  1. 


ibrtance,  a,  the  expansion  of  which  is  In  comparing  different  subatsncci  to. 

1    be   tried,    is  laid    upon  the  rest,  gether  with  this  instruraent,  it  will  be 

lUchinK  an  immoveable  screw  at  one  necessary    to   make   all   the   rodi   o( 

id,  and  the  moveable  index   at    the  the  sxme  size,   and  to  apply  the  heat 

[her;  as  soon  as  the  heat  of  the  spirit-  of  the  lamp  the  same  length  of  time 

jnp  b  is  applied,  the  substance,  if  it  is  to  each. 

very  expansible  one.  will  beein  to  ex-         The  following  Table  of  the  "  lineal 

uid,  anil   its   comparative    decree  of  dilatation  of  solids  by  heat,"  is  taken 

qiansibility  will  be  shown  by  the  di»-  from  Dr.  lire's  Dt'cAonoryt/CAenHtfry, 

ince  to  which  the  index  e  moves  alone  and  is  [jrobably  tlie-  most  correct  m- 

le  gradDalcd  part  of  the  inatrumenlo.  tant. 


lu 


DimennoTiM  ichieh  a  bar  lake*  at  212°  ioAo#0  length  at  32"  it 
I.OUOOOO. 

lube Smeaton     

...-.    Hojr   ).0007TBIS 

Deljic'sincin 1 .00089800  lAi 

Uulons  and  Pctil I.OOOSfilM  tAi 

LaroificTBDil  Laplace     ....  ]  .0UU81 166  it^i 

Do.  do.  ....  I.OOU890890iT^i 

Uo.  do l.UOOBTSM  lAi 

l>o.  do I.00089T60  lAt 

Do.  do.  1.0D091TSI 

Hoj  1.00080T8T 


ngtiw.. 


nipcrFd  jTFlloir 

do.     do 

labigbnheat Do. 


.     ).00088»0 
.    1,0009>180 

Wolla.toD. . 

.    1.00I111II 

Tioughloa 

.    1.00118900 

Phi  Tmn.. 

ITIH, 

498    ... 

.    1.00119300 

lAToiuet  and  Uplw;e    ... 

.    1.0DIDT8T9 

Do. 

do. 

.  i.ouioTess 

Do. 

do. 

.    1.001M900 

Do. 

do. 

.     I.00IS8600 

Do. 

do. 

.     I.O0I93SSS 

SS^:; 
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Table-^f continued.) 

Annca&'d  Bteel    Muschenbrock 1.0019200i'' 

Tempered  steel Do 1.00IS70(>0 

Iron •   Borda    ^. I.00115fi00 

Do Smeaton    I.001S580O 

Soft- forp^ed  iron Lavoisier  and  Laplace   ....  1.00122045 

Round  iron,  wire-drawn Do.  do.  ....  I.90I2S50I 

Iron  wire Trou^hton    1.00144010 

Iron Dulont^  and  Petit 1.0011890!!    ill 

Bismuth      Smeaton    1.001S9200 

Annealed  gold    Muschenbroek 1.00146000 

Gold t:ilicot,  by  comparison  ....  1.00150000 

Do.  proca  red  by  parting I^voisier  and  I^place    ...  l.OOMrCon    ifti 

Do.  Paris  standard  unannealed    Do.  do.  ....  1 .00155155    lii 

Do.  do.  annealed     Do.  do.  ....  1.00151361    iIt 

Copper    Muschenbroek 1.0019100 

Do Lavoisier  and  Laplace    ....  I.00172S44    ifti 

Do Do.  do.  ....  1.00171222    li« 

Do Troughton     1.00191880 

Do Dulong  and  Petit 1.00171821    lit 

Brass    Borda    I.00178SOO 

Do I^voisier  and  replace    ....  1.0018rtfi7! 

Do Do.  do,  1.00188971 

Brass  scale,  supposed  from  Hamburgh  .   Roy  1.0018')5IO 

Cast  brass  Smeaton    1.00187500 

!!^nglish  plate  brass,  in  rod   Roy   1 .00 18J280 

Do.  do.         in  a  trough  form. .   Do 1. 00 189190 

Brass    Troughton     1.00191880 

Brass  wire Smeaton    1.0019^00 

Brass    Muschenbrock 1.00216000 

Cop|)er  Q,  tin  1 Smeaton    1.00181700 

Silver Herbert 1.00189000 

Do '. Ellicot,  by  comparison 1 .0021000 

Do Muschenbroek 1.002124H)0 

I>o.  of  cupel  I^avoisicr  and  replace     ....  1.0JI9O97I    lii 

Do.  Paris  sUndard     Do.  do.  ....  1.001908^8   %\i 

Silver Troughton     1.0020826 

Brass  16,  tin  1   Smeaton     1.00190800 

.'Speculum  metal Do 1.00I9-'Y300 

Spoiler  solder;  brass  2,  zinc  1     Do 1.0020'>800 

Molucca  tin     I^voisier  and  l^iplace    ....  1.04)193765    lii 

Tin  Trom  Falmouth    Do.  do.  ....  1.00217298    lii 

Fine  pewter    Smeaton     1 .  00228300 

Grain  tin Do 1.00218300 

Tin   Muschenbrock 1.00284000 

Soft  Holder ;  load  2,  tin  1 Smcaion      1 .00250800 

/inc  8,  tin  1 ,  a  Utile  hammered Do 1  00269200 

lx^nd     Ixivoisier  and  I^pl.ire     ....  1 .00281836    l^T 

Do Smeaton    1 .00286700 

Zinc Do 1.00294200 

Zinc,  hammered  out  half  inch  per  foot     Do 1 .00301 100 

Glass  from  32°  to  212^ Dulong  and  Potit 1.00086130  ii'ii 

Do.  from  212°  to  892° Do.  do 1.00091827  1^1 

Do.  from  392°  to  572° Do.  do 1 .0001011 14  liT 

NnU,^**  The  last  two  measurenu'nts  bv  an  air  thermometer." 

*'  To  obtain  the  expansion  in  volume,  multiply  the  above  decimal  quantities  by  S,  or 
divide  the  denominators  of  the  vulgar  fractions  by  3 ;  the  quotient  in  either  case  is  the 
dilatation  soughl." 

**  We  see  that  a  condensed  metal,  the  particles  of  which  have  been  forcibly  approii- 
mate«I  by  the  wire-drawing  process,  expands  more,  as  might  be  expected,  than  metals  la 
a  looser  state  of  aggregation." 

It  would  appear  from  the  forefi:oing  those  which  are  most  fusible  are  alio 

table,  that  in  many  instances  there  is  a  the  most  expansible, 

ri'lation  between  the  expansion  or  en-  Advanta^  is  taken  by  some  aitiiani 

Jargv^nient  of  metals  and  their  fusibility,  of  the  expansion  of  solict  bodies  by  heat 

v  disposition  to  molt,  as,  in  general,  TVve  v^^rl^  of  lar^e  vessels  for  hoUiiq; 
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IKiids,  8UCA  u  are   used  by  brewers  suddenly  raised,   that    surface  is  ex- 

and  other  manufacturers,    are  firmly  panded,  but  the  heat  not  ueinff  able  to 

Dound  together  by  strong  iron  hoops ;  pass  quickly  through  to  the  other  sur-> 

these  hoops,  which  are  at  first  made  face,  that  part  is  not  at  all  or  but  very 

too  small  to  fit,  are  heated  until  they  little  expanded,  and  the  unequal  expan- 

are  sufficiently  enlarcced  ;  they  are  then  sion  of  the  two  surfaces  occasions  the 

driven  on,  and    suddenly  cooled,   by  glass  to  break.    From  what  has  been 

throwing  water  upon  them ;  the  con-  said,  it  will  appear  that  there  is  most 

traction  of  the  iron,  which  ensues  on  danger  where  the  glass  is  very  thick : 

cooling,  brings  the  parts  of  the  vessels  boiluig  water  may  be  poured  into  a  very 

into  closer  contact  than    they  could  thin  glass  vessel  witnout  danger,  be- 

eaaily  be  brought  by  otlier  means,  and  cause  the  heat  passes  through  thin  glass 

fixes  the  hoops  firmly  round  them.  in  time   to    make   both    its    sumces 

The  parts    of   carriage  wheel?  are  stretch  equally.    Looking-glasses  have 

bound  together  in  a  similar  way ;  the  often  been  broken  by  heating  one  sur 

iron  band,  or  tire,  is  made  a  little  smaller  &ce  with  a  candle  or  lamp  ;  and  elec- 

than  the  circumference  of  the  wooden  trical-machine  plates  have  many  times 

part  of  the  wheel :  bein^  put  on  while  been  destroyed  by  setting  them  before 

it  is  enlarged  by  heat,  it  is  suddenly  a  fire,  one  surface  bein^  expanded  by 

cooled,  and  by  its  contraction  binds  the  the  heat  of  the  fire,  while  the  other  is 

parts  of  the  compound  wheel  together  probably  contracted  by  a  current  of 

with  great  force.  cold  air  rushing  towards  the  fire  ;  the 

The  force  with  which  metals  expand  inequality  of  temperature  producing  in- 
when  heated,  and  contract  when  cooled,  equality  of  expansion,  occasions  the 
is  capable  of  overcoming  powerful  re-  glass  to  crack  with  considerable  noise, 
sistance.  This  may  be  illustrated  in  re-  So  cold  showers  of  rain  and  warm  sun- 
gard  to  contraction,  by  an  experiment  shine  succeeding  each  other,  occasion 
which  succeeded  some  years  since  at  loss  in  sky-light  windows, 
the  Conservatoire  des  Arte  et  Metiere,  Other  brittle  substances  are  liable  to 
in  Paris.  The  two  side  walls  of  a  gallery  similar  accidents  from  the  same  cause ; 
at  that  place,  having  been  pressed  out-  heated  plates  of  cast  iron  are  very  liable 
wards  by  the  weight  of  the  floors  and  to  be  broken  by  suddenly  pouring 
roof,  M.  Molnrd  proposed  making  seve-  cold  water  upon  them, 
ral  holes  in  the  walls,  opposite  to  each  The  expansion  and  contraction  oc- 
other,  through  which  strong  iron  bars  casioned  by  variations  of  temperature 
were  introduced  so  as  to  cross  the  in  the  metals  forming  the  pendulums  of 
apartment,  their  ends  projecting  out-  clocks,  and  the  balance-wheels  of 
Bide  the  walls.  Strong  circular  plates  watches,  have  been  found  to  occasion 
of  iron  were  screwed  on  to  these  pro-  great  irregularities  in  the  movements  of 
iecting  ends.  The  bars  were  then  these  machines.  The  rate  of  going,  in 
heated,  by  which  their  ends  were  made  common  clocks,  depends  upon  the 
to  project  farther  beyond  the  walls,  per-  length  of  the  pendulum.  When  the 
mitting  the  circular  iron  plates  to  be  pendulum  is  lengthened,  by  heat  or  any 
advanced,  which  tliey  were  until  they  other  cause,  the  clock  goes  slower ;  and 
again  touched  the  walls.  The  bars,  on  when  it  is  shortened  the  motion  is 
cooling,  contracted,  and  drew  the  walls  quickened.  The  ball  of  a  pendulum  that 
which  were  receding  from  each  other,  vibrates  seconds,  beinj^  lowered  one 
closer  together.  This  process  being  seve-  hundredth  part  of  an  inch,  the  clock 
ral  times  repeated,  the  walls  were  made  will  lose  ten  seconds  in  twenty-four 
to  rc-assume  their  proper  perpendicular  hours.  By  the  foregoing  table  of  ex- 
position, and  mi^ht  easily  have  been  pansion,  it  may  be  found  that  a  seconds 
curved  inwards,  uy  the  application  of  pendulum,  the  length  of  which  is 
the  same  means.  39.13929  inches,  will  be  lengthened  b} 

The  sudden  expansion  of  bodies  by  an  increase  of  temperature  equal  to  3U ' 

heat  occasions  some  effects  which  re-  of  Fahrenheit's  scale,  i^Blh  part  of  an 

quire  to  be  guarded  against.    Thus,  inch,whichwill  occasion  an  error  of  eight 

glass  is  very  liable  to  break  when  heat  seconds  in  twenty-four  hours.   Various 

is  applied  to  it,  on  account  of  the  un-  contrivances  have  been  introduced  for 

eaual  expansion  which  is  occasioned,  the  purpose  of  remedying  these  defects 

Glass  being  a  bad  conductor  of  heat,  by  making  the  expansibility  of  some 

when  one  surface  of  any  vessel  or  plate  metals  counteract  that  of  others, 
of  tfiis  substance  has  its  temperature        Thefir«lot\!i\Q^^y;^L:&^<^\K<(^T^3iKi^^ 


to  UK  AT. 

Graham,  and  consisted  in  substituting  other  metal,  so  as  to  keep  the  pend  ilum 

fur  the  usual  bob  of  the  pendulum,  a  always  of  the  same  len.^h. 

f^lass  cylinder,  about  six  inches  deep.  The  contrivance  applied  by  Arnold  to 

holding^  about  ten  or  twelve  pounds  of  watches,  for  the  puipose  of  preventini? 

mcrcurj'.    When  the  susi)endin^  steel  the  injurious  effects  of  expansion  and 

rod  expanded  by  hea*  so  as  to  leni^hen  contraction,  is  upon  the  same  principle, 

the  pendulum,  the  mercury,  by  ils  ex-  and  is  called  the  cotnpensation  balance 

pansion,  raise<l  the  centre  of  oscillation  in  the  construction  of  which,  inteiTupted 

as  much  as  the  increased  lenijth  of  the  coneentiic  rin^s  of  different  metals  are 

steel  rod  occasioned  it  to  be  depressed,  joined  topjether,  so  that  the  expansion 

But  the  plan  most  usually  adopted  for  of  one  counteracts  the  expansion  of  tJie 

clocks,  is  the  invention  of  llarrisun,  and  other. 

is  called   the  ffrid/ron   pendulum  ;    it  The  expansibility  of  fluids  by  heat  is 

consists  of  a  coinbinalion  of  bars,  three  still  neater  than  that  of  solids,  and  the 

of  which  are  of  steei,  and  two  com-  differences  which  they  exhibit  among 

pounded    of   zinc   and  silver.      These  themselves   are    more    striking.     Mer- 

are  so  arrant^ed,  and  the  weight  is  sus-  cur)'  does  not  expand  so  much  as  water, 

pended  in  such  a  way,  that  the  cxpan-  water  not  so  much  as  spirit  of  wine,  and 

siou  occasioned  by  heat  in  the  steel  is  spirit  of  wine  is  not  so  expansible  as 

counteracted  by  the  expansion  of  the  ether. 

The  following  TAnLr.  oftht*.  erpnnxhnt  produced  in  liqvidt  by  being  fieaied  frofn  S^i$ 

212"  is  from  Dr.  lire's  Dictionary  of  Chemistry. 

Mercury Dalton   O.QSOOOO      A 

Do Lord  Charles  Cuvondish 0.018870      /i 

Do Dcluc 0.018000     A 

Do '..General   Roy 0.017000     A 

Do Shuckburph" O.OlS/Sl        A 

Do I^ivoisier  and  Ijiplace 0.01810       li'^ki 

Do llacllstroem    0.0181800    A 

Do Dulon^  and  Petit 0.0180180  ii'ii 

Do Do.     from  2\9^  to  392^  . .  ..  0.018IS31   n'll 

Do Do.     from   892^  to  572° 0.018H700    A 

Do Do.     in  Glass  from  S2^ to  212*^  0.0154S2     ii*l 

Do Do.     Do.     from  212^  to  392°  0.015680     iiVl 

Do Do.     Do.     from  Sy 2°  to  572°  0.0158280  "-^i 

Water jKirwain  from  S9^itsmaxi-|  o.04S.%  ii-^l 

(      mum  donsuy  J 

Muriatic  Acid  (sp.  gr.  I. l.'iT.) Dulton* 0.0600  iV 

Nitric  Acid  (sp.  p:r.  1.10) Do 0.1100  i 

Sulphuric  Acid  (sp.  gr.    1.85) Do O.OROO  I'f 

Alcohol   Do 0 . 1 100  i 

Waior Do O.OlOO  iS 

Wulor  saturate*!  with  common  sail. . . .  Do 0.0500  is 

Sulphuric   AILlUor   Do 0.0700  W 

Kixcd  Oils Do 0.0800  iii 

Oil  of  Turpeniine Do 0.0700  ^4 

Water,  salurated  with  common  salt  . .  Uobison 0.05198  ^'i 

Ex.  The  expansion  of  a  liquid  may  shown  by  partly  filling  a  bulb  and  tul»e, 

l)e  strikinjrly  shown,  by  iillinir  a  srlass  like  that  descnbed  in  the  last  experi- 

bulb,  bavins:  a  long  tube  attached  to  it,  menl.  with  coloured  water:    immersion 

with  the  licpiid,  so  that  it  may  rise  a  in   a  jar  of  hot   water  will   bccasion 

small  part  of  the  way  upwards  in  the  the  water  contained   in  the   bulb  and 

tube ;  the  bulb  being;  set  upon  a  stand,  tube    to   expand  and    ascend    hi£:her. 

and  heat  applied  under  it,  the  bulk  of  (Fif(.  3.J 

the  liquid  will  be  cnlarsjed,  as  will  be        Tho.«?e  liquids  are  the  most  expansi- 

seen  by  its  risinp:  hiirhcr  in  the  tube,  ble  which  require  the  least  heat  to  make 

This  etfect  is  produced  notwithstanding  them  boil. 

the  expansion  of  tJie  j2:lass  which  occa-        Rr.  Equal  quanties  of  heat  applied  to 

sions  its  capacity  to  be  enlarged.  liquids  do  not  occasion  equal  degrees 

E,r.  Or  the  expansion  of  water  maybe  of  expansion :  this  may  be  shown  by  ap- 

*  The  QusMtities  giyen  by  Mr.  Dnlton  arf,  prohablj.  foo  f^rr.nt,  m  ih  rrrtainly  th«  caw  wilk  Msicviy;  ku 

experiments  k^iDK,  perhaps,  modified  b^  ti»  hjrih>tholieal  notiona. 


;  the  hval  of  a  ipirit  l&rap  to  & 
conlained  in  a  bull),  such  as  de- 
ll in  the  lut  experimeni,  differing 
n  having  its  tube  divided  into  a 
tiuint)«r  of  equftl 
pads.  Tlie  num- 
[)er  of  divisions  past 
which  the  liquid 
l-isea  in  the  first  live 
s  havini;  l>een 


kt.  II 

overcame,  produce  increased  degrees  Oi 
expansion.  The  irregularities  in  the 
expansion  of  quicksilver  are  less  than 
those  of  any  other  fluid. 

Count  Kumford  ascertained  the  con- 
traction of  water  for  every  22^  in  cool- 
ing from  iW  to  3^,  the  results  bang 


niyv  tua  imi   I 


ol<i( 


will 
Bgreiiti-r  expansion ; 
Iland,  consequently, 
llhe  liquid  rising  in 
^the  tube  will  pass  by 
Ha  thaler  numlier  of 
jldivisions  in  the  se- 
■cond  than  it  did  in 

■  Ihe  first  five  minuten. 

Iporlion  of  heat  ap- 
Iplied  produces  an  in- 
Icren-ied  eti'ect,  until 

■  the  water  arrives  at 
^  tlie  boiling  |H>int.  In 
(act,  it  is  said  lliatthe 

I'es  'of  the  fluid  liave  existinic 
;  them  a  certain  force  of  cohesive 
iion,  which  resists  the  expansive 
1  of  heat ;  the  first  portions  of  heat 
d  having  most  of  this  resistance 
ed  to  them,  their  effects  are  pro- 
nably lessened;  while  succeeding 
ities,    having    less    resinlance  to 


in  considering  the  remarkable  pecu- 
harity  of  water  by  which  it  is  occa- 
sioned. It  appears  by  the  at>ove  table, 
that  the  expansion  occasioned  by  heat- 
ing water  22t°  nearest  the  uoiiing 
point  is  almost  five  times  as  great  aa 
IS  produced  by  the  tieating  it  2'ik° 
from  about  the  natural  medium  tenpe- 

De  Luc  tried  the  relative  expansibili 
ties  of  a  number  of  different  liquidj,  bj 
putting  them  into  thermometer  tube* : 
the  scale  which  he  used  was  that  ot 
Reaumur,  upon  wliicli  8u°  indicates  th* 
boiling  point  of  water,  and  U°  the  melt- 
ing point  of  ice.  Tlie  results  are  ex- 
pressed in  the  following  Taiils,  to 
which  are  added,  hy  Dr.  Ure,  the  cor- 
responding indications  according  to  the 
Centigrade    and   Fahrenheit    Thermo- 
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12  HEAT. 

There  are  a  few  partial  exceptions  1o  tlier  at  the  same  distance  from  the  sur- 

the  expansion  of   boilies  by  heat,  and  face  of  the  fluid.    The  jar  beinj^  ex- 

their  contraction  by  cold,  of  which  water  posed  to  a  temperature  of  60^,  gradual^ 

S resents  the    most    remarkable.    Ttiis  rose  to   38°,  during  which  increase  of 
uid  contracts  in  coohn&:  until  it  arrives  temperature  the  lower  thermometer  was 
at  a  cert;un  ])uiiit,  and  tlien  expands  as  at  least  one  degree  higher  than  the  ther- 
if  heat  were  upplicnl.    Tiiis  property  of  mometer  at  the  surface,  which  indicated 
water  was  first  ol)ser\"«lby  the  Florentine  that  the  density  of  the  water  must  have 
Academicians,  in  coolinir'a  thermometer  increased  along  with   its  temperature; 
glass,  filled  with  watiT,  by  immersion  in  for  if  the  water  had  expanded  with  the 
a  mixture  of  ice  and  salt;  but  De  Luc  increase  of  heat,  it  would  have  ascended 
afterwards  investiirated  the  subjiKit,  and  to  the  surface,  and  the  up))ermost  ther 
considennl  the  uji>atest  density   of  the  mometer  would  have  had  its  temperature 
water  to  be  attained  when  it  arrived  at  the  most  raised.      In  cooling  water  to 
40°,  as  it  ceased  to  contract  from  that  32^  the  temperature  of  the  thermometer 
))oint,  althoui^h  the  coolint;  process  con-  near  tlie  bottom  of   the  jar  was   still 
tinned;  on  the  contrary,  expansion  was  found  to  be  higher  than  the  upper  one. 
found  to  result  both  from  the  addition  While  water  is  cooling  to  4U°,  its  cold- 
and  the  abstraction  of  heat,  af)er  the  est  particles   are  always  at    the   bot- 
water  airived  at    the  above* mentioned  tom ;  but  when  it  arrives  at  40°,  it  le- 
temperature.     Sir  (,'harles  Blagden  and  mains  there  until  the  whole  of  the  fluid 
Mr.  Gilpin  discovi^ed  that  De  Luc  had  arrives  at  the  same  ix)int ;  and  then  io 
omitted  to  make  the  proper  correction  cooling  lower,  the  colder  particles  col- 
for  the  expansion  of  the  e:lass;  which,  lect  at  the  surface,  those  at  tlie  bottom 
when  tht"^'  h:ui  done,  tiny  found  that  beini;  four  degrees  warmer, 
water  amves  at  its  gn*atest  density  on        These    ex|>eriments     of    Dr.    Hope 
being  cooled  to  39^  of  Falirenlii'it.     Dr.  prove  that  water   is  most   dense  at  a 
Hope  considers  the  KTt*atest  density  to  considerable  number  of  degrees  above 
be  at  39°  5',  and  the  Fri*nch  chemists  at  the  freezing  ])oint,  and  that  it  cx|>ands 
40°.    Takinsc  the  temiK*rature  at  which  as  it  cools  to  that  point, 
the  greatest  density  occurs  to  be  40°,  the        The  expansive  force  of  water  on  finetx 
density  of  water  at  4iP  and  32°  will  be  ins:  is  well  known,  as  water-pipes  and 
the  same.  vessels  filled  with    it   ai'e   often  burst 
It  was  ascertained  by  the  experiments  by  its  foive.     K\en  in  our  bed-rooms, 
of  Sir  Charles  Blaijifen,   Mr.   Dalton,  in  ver\'  cold  weatlier,  water-bottles  are 
and  M.  Gay-Lussac,  tliat  the  expansion  frecpiently  broken,  if  they  be  quite  full 
of  water  continues  below  3*2^  when  it  of  water,'  ami  have  such  narrow  necks 
is  cooleti  lower  than  that  temiu'rature  as  to  prevent  the  free  expansion  of  the 
without  freezing ;  and  it  was  expanded  as  fluid   in   freezing.     Tlie  flat    stones  of 
much  in  some  of  the  experiments  al-  i)avements  are  frecpiently  raised  out  of 
ludetl  to,  as  it  would  havel;een  if  heated  their  places  by  the  freezing  of  tlie  water 
to  75°  beneath  them*,  trunks  of  trees  are  spiit, 
The  enlai-jjement  of  bulk  occuiring  in  and  rocks  are  rent  asunder  by  the  same 
water  as  it  cools,  from  4o°  to  the  freez-  force.    The  agency  of  frost  is  very  beiie- 
ing  j)oint,  was  ascribed  by  Hooke,  and  ficial   in  occasioning  the  substanci'  of 
afterwards  by  Dalton,  to' the  contrac-  rocks  and  of  soils  to  moulder  to  iHjwder, 
tion  of  the  glass  vessels  which  contain  thereby  fitting  them  better  for  the  pur- 
the  water  used  in  the  experiments.  That  poses 'of  vegi-tation.     A  strong  brass 
the  bulb  of  a  thermometer  ustnl  in  such  globe,  the  cavity  of  wliich  was  only  one 
exjKjriments    does    contract    by    being  inch  in  diameter,  was  used  by  the  Flo- 
cooled,  contributing  in  some  measure  to  renfine  Academicians,  for  the  purpo^ 
raise  the  liquid  in  the  tube,  cannot  be  of  tr}ing  the  ex])ansive  force  of  conge- 
doubted,   but  from   other  experiments  lation,  by  which  it  was  burst,  although 
and  ixmsiderations  yet  to  be  stated,  it  ap-  the  force  reciuired  was  calculated  to  ex- 
pears  certain  that  w'atcr  exfiands  on  cool-  ceed  2r,7'2olbs.   Experiments  were  tried 
mg,  independently  of  the  contraction  of  by  Major  Williams,  at  Quebec,  in  one 
the  vessel  in  which  it  is  containeil.  of  which  an  iron  plug,  neurly  3lbs.  in 
Dr.  Hope  filled  a  tjlass  jar,  8.J  inches  weight,  was  projected  from  a  bomb-shell 
deep  and  4.i  inches  \>ide,  with  water  at  to   the   distance  of   415  feet;    and  in 
32';    one  thennonicter  was  suspended  another,  the  shell  was  burst  by  the  fieei- 
^early  in  the  axis,  with  its  bulb  about  ing  of  the  water  which  it  contained, 
if  an  incli  liom  the  bottom,  and  ano  Several  attempta  have  been  made  to 


le  expulsion  of  natei  in  freex- 

most  plausible  uf  uliich  i<4, 
I  by  De  Mairvi,  who  suppoW 
partifles  when  Ihey  erysUJliie 
me  h*  soli'l  slule.  have  a  len- 
unite  by  certain  sides  in  pre- 
>  others,  arranjnne  themselves 

form  ri^it  lines  at  rfetermi- 
OT.    This  wrara^ment  of  the 

reqnirint;  more  spate,  and 
iiimeroiis    vacuities,   the  bulk 

hole  must  necessanly  be  en- 

ist  important  effects  result  from 
■kable  property  iifwnter  which 
dcaeribidcf.  If  the  density  of 
ltinueil1odecrea.se  until  it  ar- 
he  freezinR  point,  ice  would  b« 
hMJi  water,  and  an  soon  as 
'ould  subside  tolhe  bottom  in 
e  flakes,  until  the  whole  of  the 
onever  deep,  should  become 
he  effects  of  such  an  arrange- 
easily  be  conceived.  Climates 
xordmg  to  the  present  stateuf 
e  the  deli^tful  abodes  of  in 


inevitably  becDme  (treftry  and 
On  the  contrarj-,  since  water 
ireviously  to  its  freezini;,  ice  is 
lan  water  and  floats  upon  its 
irotedinp;  the  water  below  from 
nee  of  trost. 

m  bodies  in  their  expansion 
m  solids  and  fluids,  in  being 
■  affected  by  the  samj  qiian- 
,eal  appliefl  to  tbemiit«ll  tem- 
,  which  is  thvisetplained.  TTie 

force  that  exists  m  solids  and 
listing  the  expansive  effect  of 
I  first  piortions  applied  have 
hilt  resistance  op|Kised  to  them. 
efore  produce  less  eitpansion 
ceeding  portions,  which  have 
tance  fo  contend  with ;  but  as 
10  cohesive  attraction  existing 
le  particles  of  aeriform  bodies, 
no  resistance  opposed  to  the 
;  power  of  heat  tipon  them ; 
equently  all  of  them  underao 

degrees  of  expansion  with  the 
i^rees  of  heat;  laid  the  same 
«d  iiniin  all  of  then 
s  of  >ieat  appUed  a 
temperatures. 

owing  Table  gives  the chanpM 
rodin.-e<l  upon  100,000  parts  of 
ery  additional  degree  of  Fahr- 
■om  32^  to  100;  and  by  every 
1    ten    degrees    afterwards  lo 


100,108 

100,4 le 

100,(^91 


.jt,tS9 

101,666 
I01.S73 

r  OS  ,080 


I0T.6! 


IS 

108AJS 

T* 

108,7M 

IOfl,Sll 

T6 

109,191 

7T 

109.360 

78 

lO'l,.^r8 

79 

loa.nn 

80 

109S81 

iio.iwa 

Si 

1 10,400 

83 

IIO,60tt 

81 

i:a,8ie 

111,011 

M 

111,939 

Itt.llO 

iii,r« 

H9 

111,858 

90 

1I9,06J 

91 

ii»,aT» 

9> 

1 11,180 

OS 

IIS.WS 

llSJOl 

!ISy1l9 

9T 

llS.T>d 

99 

113,938 

iii.m 

10 

1  16.191 

vo 

IIB»OI 

30 

190,331 

10 

119,161 

tM 

191,*  n 

60 

118,614 

TO 

118,701 

130.TSI 

90 

131,861 

100 

131,941 

110 

1BIJ)H 

79  J  08.310 

Et.  Tlie  expansion  of  a^ 
pleasingly  illustnUed  by  a.  simp 
ratus,  such  as  U  shown  tXJIg.  i 


U  HEAT. 

The  f)u1b  with  the  long  tu!:o  a,  I'lili  uf  of  air  so  lieated  ascend,  while  the  por- 

air,  has  its  open  end   pluni^Kl  in   the  tions  of  water,  which   are  lowerea  in 

lar  of  water  A;  the  heat  of  the  spirit  temperature,  contract  in  bulk,  become 

lamp  r  heinu:  a])pru(i.  the   air  v. ill  le  hen\ier,    ami    descend;    other   warmer 

expanded  by  tlie  heat,  and  a  jtoitiim  «^f  poiliiMis  oi'  water  ascend  to  the  suifaee, 

it  will  be  expelled  ;  it  will  rise  iliiomrh  and  other  colder  ]»ortions  of  air  descend; 

the  water  of  the  jar  and  e>e;i|  o  :    the  ami  this  pnu-ess  trcrs  on  as  lon*^  as  the 

lamp  beintr  renii>\ed,  as   sih.mi  as   llie  w;  tt-r  is  warmer  tljan  the  air. 
remaining;  air  cools,  it  will  cimtracl  to         IJut,  perhaps,  some  readers  may  find 

its  oriirinal  bulk,  and  the  ]nessure  of  difficulty  in   Ijolievini^  that    such    *mall 

the  air  on  the  surface  of  the  water  in  dilh-rences    in  the   relative   wei^i^hts  or 

the  jar  will  force  \Nater  up    into   the  KiH'cilic  ipavities  of  ditferent  portions  of 

bulb  with  ujeat  velocity,  and  the  quan-  the  same  lluid,  should  enabk'  some  to 

tity  of  water  that  enters  tlie  bulb  will  be  ascend,    and   others   to   descend,    pro- 

e(jual  in  bulk  to  the  air  expellecL  ducinijj    such   important   eti'ects  in  the 

Convincini;  demonstrations  of   the  economy  of  nature.     A  few  experiments 

power,  wisdom,  and  jroodness  of  Pro-  m:y  tend  to  impress  conviction  on  their 

vidence  are  obtained  l)y    watchinj^  the  minds. 

silent,  and  often  unobseived,  Imt  irresis-        Kr.  Fill  a  tall  c^lasswith  hot  watcT, 

tible  agency  of  heat,  in  the  distribution  and  take  up  in  a  dropping  tube  a  little 

of  temperature  over  the  globe.     Some  cold  water,  slit^htly  coloured  with  litmus, 

examples  of  this  may  be  adduced.  or  any  other  dye,  that  it  may  be  Iwtter 

The  siuface  of  the  earth  in   many  seen,  and  let  it  fall  gently  into  the  hot 

parts  of  the  world  would  be  excessively  water,   the    end  of  tlie    dropi>iiig  tube 

and  injuriously  heated  by  the  sun's  rays,  being  held  below  the  surface,  and  tlK 

if  means  wei-e  not  j)rovide(l  for  with-  coloured  water  will  fall  to  t lie  bottom, 

drawing   portions  oi    this   heat.      The  because  being  cold  its  spccitic  gravity ii 

transpaii'iit  uir  not  being  heated  in  the  rathergieaterthan  that  of  the  hot  wafer, 
same  degri'c  by  the  influence  of  the  sun,         Perhaps  it  may   be  obj^ctcii  to  tills 

and  there  bein;:  a  stroni;  tendency  to  an  ex])eriment,  that   the  cohiuiinir   matter 

equilibrium  in  \\v:\\,  the  stialum  of  air  addwl  to  the  cold  water   nnist  tend  tc 

nearest  to  the  rarih  ii'ci'i\es  a  i>.)rtion  iiicrease  its  \\eight.     Any  eiror  aiiMng 

of  its  excessive  lu'al :  inconsequence  of  from  this  cause  niav  easily  be  i^uardiil 

which    it    is    e\panded,    snid    lenck'H-d  against  by  making  tlie  two  fluids.  wIiIk! 

hghter  than  the  less  heated  air  above,  cold,  of  the  same  specific  gTa>ily:  tl^ 

and  must  therefore  ascend,  since  it  is  a  ditterence  between  cold  and  hot  will  sl«ll 

law  of  nature  that  light   fluids  ascend  be  found  to  produce  the  same  eti'ect. 
through   heasier;    anolher  poition    of        Kr.  Fill  a  small  irla^s  bulb,  hu\ir:r  r 

coUler  air  descLMids  to  the  surface  of  the  nanow  neck,  with  poii  wine,  or  with* 

eartli,  and  is  waur.ed,  antl  nuule  to  as-  mi\tui"e  of  water  with  a  small  (juautity 

C5end.     Thus   the  earl h   is  coolfd,    and  of  spirit  of  wine,  coluured  with  thsctrrt 

refreshed  by  the  aii:ency  of  siii-,  the  heated  of  litnuis,  and  put  the  bulb  so  tilled  vt'j 

particles  of  whitth  aic,  by  !lie  puncii^le  ata.ll,narrow,  glass  jar,  which  nuis!  then 

of  expansion,  enabled  to  ascentl  into  the  be  tilled  \\\t  with   cold  water:    imnie- 

higher  reirions  of  the  atmospheie  ;  from  diately  an  ascvmlimr  cunx*nt  will  be  Mvr 

whence  they  are  wiiflfd  away  to  collier  proccediuir  froui  the  bulb,  the  colinavu 

chmates,  to  miligatethe  extnnn's  of  the  fluid  will  accumulate  on  the  surface -t 

seasons  tlune.  tlie  watrr  in   the  jar,  while  colourlo* 

Again,  cold  air  flowing  o\er  the  sur-  water  will  be  seen  accunuilatins;  at  \\\i 

face  of  the  ocean,  from  polar  regions  bottom  of  the  bulb.     Hy  close  iuNpiv- 

towards    the    ecpiator,  is    very    much  tion,  the  desceudintr  cunent  may  alsult 

warmed  in  its  proirie>s  ;  if  it  were  not,  obserMnl ;  audit  will  be  obvLtnis  that  tlu* 

the  Climate  that   we  inhabit   would  bo  coloured  and  the  colourless  liquids  j>;i^> 

less  genial  than  it  is.     As  the  wnter  (»f  each  other  hi  the  nairow   neck  ot  tlw 

the  ocean  does  not  fiei/.e.  except  in  very  bulb. with»)ut  miuirling.     In  a.shoi1  time 

high  latitudes,  it  is (.'onNidtiabl)  w:iniier  the  whole   of   the  coloured    liquid  v.ii 

than  the  air  which  pas-i-s  cvi'r  it.     On  have    ascended,  and    the    Inilb  will  It 

account   of  the  stronjr  tiiuk'ncy  to  an  entirely  IiIUmI  with  clear  water, 
ecjuilibrium,   before  nientione*!,  the  air         It  is  ]>rovtHl  by  this  experiment  that 

which  is  nearest  to  the  water  receives  a  a  very  small  dittei-cnce  in  the  sieciSc 

portion  of  the  heat  which  the  water  con-  jrravit'ies,   in   two   portions  of  a  fluid, 

tains.  abo\e  that  of  the  air:  tlic  portions  enables  the    light  portion   to   nycxol 
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anil  the  heavier- to  descend.  As  s])iiit 
of  wine  is  considera]>iy  ligliter  than 
water,  nn  admixture  of  it,  in  any  pro- 
portion, produces  a  fluid  Iiu:h1er  tJiaii 
water ;  but.  the  (piantity  of  spirit  re- 
quiriHl  in  this  ex|)erinu'nt  is  very  small, 
and  therefore  tin*  dillerence  of  specitic 
Kravity  must  be  \ery  small  also.  It 
is  ver\'  remarkable,  that  so  minute  a 
ditieitnce  should  not  onlv  eniiblt?  the 
one  ]>ortion  to  ascend,  and  the  other  to 
descend  ;  but  also  to  pass  each  other 
in  tlie  very  nan-ow  neck  of  the  bulb 
without  mingling. 

Chaptkr  IV. 

Ajipiinttt'on  of  the  Doctrine  to 
Thermometers. 

Thk   expansion  of  bodies  by  heat  and 
llieir  contraction   by   cold,   ailbrd   tlic 
means  of  ineasurini;  deicrees  of  tempe- 
rature.    The  in>lrument  used  for  this 
pur])ose,   and  which   acts   upon   these 
principles,  is  called  a  ihermometpr^  and 
was  ori^nally  invented  by  an   Italian 
physician  of   tlie   seventeenth  century, 
iiamed  Santorio ;    who   used   air   as  a 
inea<»urc  of  the  variations  of  tenij>era- 
ture.     Tliis  instrument   is   n<iw  called 
an  air-thermometer^  and   consists  of  a 
glass  vessel  or  bottle, with  a  broail  base, 
and  naiTow  neck,  corjtaininij  a  coloured 
liquid  a  {Ji}^.  o) ;  a  Idiil^  lube  havin«jf  a 
glass   bulb   blown   at    one       /»//•  J* 
end  bi  the  other  extremity 
of  the  tul>e  bein^i:  open,  and 
plun^t'd   in    tlie    coloured 
liquid ;  and  a  scale  of  equal 
parts  r.      Heat  is  applied 
to  the  bulb  to  expel  a  ])art 
of  the  air,  which  peiinils  a 
portion  of  the  coloured  iluid 
to   ri>e   in   the  tube:    this 
fluid  column  hidicates  the 
sliirhtest   changes  of  tem- 
}X^raturc  by  risinjr  when  it 
is  diminished,    and  falliou: 
wlieu  it  is  increaMHl ;    be- 
cause    every    iucrease    of 
teniiHiratuie   expands     the 
air  in  the  i.ulb,  oecasion- 
inif  it    to   press   upon   the 
fluid    column  and  force  it  * 
down,  while  any  decrease  of  temperature 
contracts  the  bulk  of  the  air,  and  per- 
mits the  iluid  to  lise.    This  instrument 
is  not  capable  of  measmint;  variations 
of  temperature  throui^h  any  very  consi- 
dorable  range,  and  it  is  liable  to  other 
objections;    yet,  notwithstanding,  it  is 


still  Applicable,  from  its  gieat  delicacy, 
to  many  puq)ose8. 

The  menibeis  of  the  Academia  del 
Cimenio  substituted  spirit  of  wine, 
coloured,  instead  of  air;  and,  to  pre- 
vent anv  eii'eet  f]  oni  beini;  ]»rotluce<l  by 
the  variations  ol"  atmospheric  ])ressnre, 
the  tube  was  hermeticallv  sealed.  Dr. 
H alley  and  Sir  Isaac  Newton  used 
mercuiy  as  the  theimometric  fluid, 
which  IS  now  most  jrenerally  employed ; 
but  spirit -thermometers  are  also  in 
use.  The  mercurial  is  better  adapted 
for  high,  the  spirit  for  low  tempeia- 
tures. 

■  Whichever  flui<l  is  used^  the  shape 
of  the  instrument  is  the  same,  consist- 
ing? of  a  tube,  ha\injr  a  bulb  blown  at 
one  end  of  a  jrlobular  or  cvlindrical 
shape,  the  latter  Wi\\\r  considered  the 
best.  Fifr,  6  repiesents  a  nieu-urial 
thenuomefer,  with  pait  of  fn.Vt. 
its  scale  moveable.  The  '  ^^"^  • 
tube  ouu^ht  to  have  an  equal  ff  ^^ 

bore  throuirhout ;  but  as 
tubes  of  this  kind  can  rarely 
if  ever  be  obtainevl,  it  is  ne- 
cessaiy  to  asceilain  the  ine- 
quali'ies  of  the  tube,  that 
liny  may  af\er\vanls  be 
adapted,  to  the  scale.  To 
divide  the  tube  hito  spaces 
of  eijual  caj)acity,  it  is  dip- 
ped into  (piicksiiver,  until  a  ,  ju^, 
column  about  half  an  "**^'b  ^;^,f'E3, 
in  leni^th  enters  tlie  bore  ;  ^'^Si.^Jr 
this  is  removed  to  about  two 
inches  from  the  end,  at 
which  the  bulb  is  to  In?  made; 
then  marking  the  tul)e  witli 
a  flle  or  diiimond,  it  is  laid 
upon  the  brass,  ivory,  or  wood, 
which  is  to  form  the  scale  intendeil 
to  be  a])plied,  so  that  the  lower  end 
of  the  mercurial  colunm  may  cor- 
respond with  the  lower  end  ()f  the 
scale,  the  upper  end  of  the  column 
being  marked  with  a  tine  point  upon 
the  scale;  the  tube  is  to  l>e  a  little  in- 
clined and  gently  shaken,  luitil  the 
lower  part  of  the  mercmial  cohunn 
stands  exactly  where  the  upper  jmit 
was  before ;  the  place  of  the  upp'er 
part  must  then  be  nuuked  upon  the 
scale,  and  the  jirocess  must  Iw  con- 
tinued until  the  tube  is  divided  to  a 
sufficient  height. 

A  bnlb  having  been  blown  u]'ion  the 
instrument  hi  the  usual  way,  with  the 
aid  of  a  blow-pipe,  in  oi'der  to  till  it 
with  quicksilver,  a  piei?e  of  |  aper  is 
tied  o\er  the  open  end  of  the  tube  in 
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the  manner  of  a  funnel,  into  which  a  has  l)ocn  much  UHcd  on  the  Contincpt, 

c|iiantity  of  quicksilver  is  put ;  the  bulb  commences  at  the    freezing  point  of 

is  heated  over  a  lamp  to  expel  the  air,  water    which    Is    marked    o,  between 

and  when  Ihe  portion  of  air  which  re-  which  and  the  boilinir  point  are  eighty 

mains  cools,  the  quicksilver  descends  equal  divisions  or  decrees,  the  point 

and  partly  fills  the  Inilb ;  heat  is  atrain  at    which    water    boils    beini?    at  the 

applied  until  the  quicksilver  boils«— ^this  8Uth  degree.    Each  deiinnee  of  Fahren- 

occasions  the  more  effectual  expulsion  belt's  scale  beins:  equal  to  |  of  a  de- 

of  the  air;  on  cooling  a  lanjer  quantity  jjree  of  Reaumur's,    to  find  the  corre- 

of  the  fluid  metal  is    made    to  enter  spondence  between  these  scales,  it  is 

into  the  instrument.     A  sufficient  c^uan-  only  necessar)'  to  multiply  the  nuniUfi 

tity  havinff  been   introduced,  and  the  of  clep"ees  of  Fahrenheit,' alwve  or  l«c- 

whole  havine:  *>*^<-*n  l)ro|H*rly  boiled,  lieat  low  the  freezins:  point,  by  4.  and  divide 

is   applied  until  the  nierciW  betrins  to  by  I) ;  the  sum  obtained  will  indica'e  the 

overflow  at  the  extn*niity  of  the  tabe,  number    of  degrees   upon   Reaumur'^ 

previously  drawn  to  a  fine  point;  flame*  scale. 

IS  urged  upon  it  by  a  blow-pij>e,  and  it  Kahr..ni.«fif.                                  R«.in:nr. 

is  hermetically  sealed,  or  nielU'd  and  f){p—32=   18x4=    72-^9=  S°, 

joincHl  to  exclude  the  air.  l8.)^-32=  153x4  =  612-1-9=6^1 

To  recidate  whutever  scaK?  may  be  «,          in           i>  n 

applied  to  the  instrument,  it   is  iuhh-s-  ^^,  ^^^^  S^^^^  of  Reaumur  corre- 

saa-  to  ascei-tain  the  points  in  the  tube  **P«»^l  >^»;»^  tahrenheit,   the  rule  w  to 

•at  which  the  mercurial  cohunii  stands  ""l^iply  by  9  and  (hvide  by  4. 

when  cooled  to  the  free/, insr.  and  heated  R*avi«"'»r.                                   FahiwVpiL 

to  the  boilintr.  of  water.     For  this  pur-  w^x  9=   72-=-4=    18  +  32=   50°. 

pose,   the   instrument    is  immersed   in  6S=*x  9  =  6l2-r4  =  153  +  32=  IS5% 

mehintj  ice  or  snow,  juul  i)enuitted  to  Another  scale,  which  is  now  exttn- 

ivmam  there  for  some  time,  until  the  tensively  used,  particularly  in  Frame, 

quieksilver  becomes   stalionary  at  one  is  that  of  Celsius,  and  is  more  simp'* 

place,  which  is  the  freezniir  point ;   a  than  any:    it  betcins    at  the   freeiin' 

murk  IS  made  at  that   point  upon  the  of    water,    l)etween    which    and    t!v 

irlass.     Ih  allowuiif  the  instrument  to  l,oilincr    of    the   same   fluid  there  aiv 

remain  for  some  tune  m  boilin-  water,  io„  eipial  divisions  upon  the  scale  •  vo ' 

he     mercury,    atk'r    havm-   ascended  that  the  boilinir  point  is  at  the  hMth 

throu-h  a  lanre  proportion  of  the  tube,  aei^ee.    This  instrument  is  now  caM 

Uu-omes  s  ationaiy  at  one  place  which  the  Centiirrade  Thermometer,  and  is  K 

is  the  boihrnr  P(»int ;   it    he  calibre  or  many  preferred  to  the  others,  the  di^i 

bore,  of  Uie  tubeisecpial  throuirhout.  the  sions  on  its  scale  l)einff  considered  the 

space  between   these  two  points   upon  most  natural.   The  j^raduaUon  of  Fahr- 

the  scale,  to   be  apolKHl,  aeconlmiT  to  enheit,  however,  has   some    important 

tahrt^nheit,   is  divicU  into   IHO  equ;U  advanta^res  over  the  others :  ited^ision. 

parts,  hirty-two  of  thesame  eciual  divi-  beimr  small,  there  is  the  less  n^iX 

sions  \mn^  placetl  be  ow  the  freezmt?  for  statinc?    fractional  part.-   wid   m 

point      In  other   vvH^rds.  the   scale   in-  commencement  beinj.  low.  it  ^s^ldom 

vented  by  ?  ahrenheit.  winch  is  in  general  recpiired  to  state  negative  dJ^^s 

use  m  this  eountn',  commences  at  32''  Th^  flocrw.a«  r.n    L^VlJiir^         i 

Mow  ,he  fi^.zin«  poin,  of  waK.r.  «„d  bein5^oareqU%ofora"^^t 

has  t  K.  Ixnlmir  ,„„,„  at  2 12='     It  ,s  be-  jhe  Ontigrade  scale,  to  find  tW^^ 

hcved  that  l-ahrei.  u.,   took  h.s  rm>  or  spondi-nce  of  the  de^of  the  fZ^ 


preatest   degree  of  cold  known  in  his 

time ;  althoutfh  a  considerably  i^ater  J^»h"'nh»'>t-                                 CeDts,fr»J-. 

decTiH?   of  cold   may    be  produced   by  86-32^^   54x5  =  270-=-9  =  3U-. 

mixing:  the  same  or  other  ini^Tcdients.  ^^'^     -32°=U4x5  =  720-f-9  =  8u^ 

If  the  tube  is  unecpial  in  the  bore,  use  To  reduce  the  d^[;r«es  of  the  Centi 

must  be  made  in  the  crraduation  of  the  ^^''<^  scale    to   those    of  Fahrenheit, 

scale,  of  points  obtained  by  dividing:  tlie  multiply  l)y  9  and  divide  by  5. 

tube   into  parts   of  ecpial  capacity,  in  cvni.cr.i.i,..                                 Fihivihfit 

the  manner  already  described.  3U^x  9  =  '>70-5=    'i44-i.>o»  «  j 

The   scale  called    Reaurhur's.  which  80"  x  9  =  720  !  5  =  1 41  f  32 -  =  i  ;fi< 
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The  following  Tablb  nves  the  corre- 
flpondence  between  the  degrees  of  the 
dufoent  scales  mentioned,  without  the 
trouble  of  calculation. 

Fahr.  lUaain.   Centi. 

151      52.8     66.1 

52.4 


Fahr.  Reaam.  Coiti. 

912  80        100 

911  79.5  99.4 

910  79.1  98.8 

909  78.6  98.8 

908  78.2  97.7 
907  77.7  97.2 
206  77.3  96.6 
905  76.8  96.1 
901  T6.4  95.5 
903  76  95 

909  75.5  91.4 
901  75.1  93.8 
900  74.6  93.3 
199  74.2  92.7 
198  73.7  92.2 
197  73.3  91.6 
196  72.8  91.1 
195  72.4  90.5 
194  72  90 
193  71.5  89.4 

•19i  71.1  88.8 

191  70.6  88.3 

1»0  70.2  87.7 

189  69.7  87.2 

188  69.8  86.6 
187  68.8  86.1 
186  68.4  85.5 
185  68  85 
184  67.5  84.4 
183  67.1  83.8 
182  66  6  83.3 
181  66.2  82.7 
180  65.7  82  2 
179  65.3  81.6 

178  64.8  81.1 
177  64.4  80.5 
176  64  80 
175  63.5  79.4 
174  63.1  78.8 
173  62.6  78.3 

179  62.2  77.7 
171  61.7  77.2 
170  61.3  76.6 

189  60.8  76.1 

168  60.4  75.5 
167  60  75 
166  59.5  74.4 
165  59.1  78.8 
164  58.6  73.3 
163  58.2  72.7 

169  57.7  72.2 
161  57.3  71.6 
160  56.8  71.1 
159  56.4  70.5 

158  56  70 
157  55.5  69.4 
156  55.1  68.8 
155  54.6  68.3 
154  54.9  67.7 

159  53.7  67.9 
159  58  8  66.6 


150 

149 

148 

117 

146 

145 

144 

143 

112 

111 

140 

1S9 

188 

137 

136 

185 

134 

133 

132 

131 

180 

120 

128 

127 

126 

125 

124 

123 

122 

121 

120 

119 

118 

117 

116 

115 

114 

lis 

112 
111 
110 
109 
108 
107 
106 
105 
101 
108 
102 
101 
100 
99 
98 
97 
96 
95 
94 
93 
92 
91 


52 

51.5 

51. J 

50.6 

50.2 

49.7 

49.3 

48.8 

48.4 

48 

47.5 

47.1 

46.6 

46.2 

45.7 

45.8 

44.8 

44.4 

44 

43.5 

48.1 

42.6 

42.9 

41.7 

41.3 

40.8 

40.4 

40 

39.5 

89.1 

88.6 

38.2 

87.7 

87.3 

36.8 

36.4 

86 

35.5 

85.1 

34.6 

84.2 

3:^.7 

88.8 

32.  S 

32.4 

82 

81.5 

81.1 

30.6 

80.2 

29.7 

29.3 

28.8 

28.4 

28 

27.5 

27.1 

26.6 

96.9 


65.5 

65 

64.4 

63.8 

63.8 

62.7 

62.2 

61.6 

61.1 

60.5 

60 

59.4 

58.8 

58.3 

57.7 

57.2 

56.6 

56.1 

55.5 

55 

54.4 

58.8 

53.8 

52.7 

52.2 

51.6 

51.1 

50.5 

50 

49.4 

48.8 

48.3 

47.7 

47.2 

46.6 

46.1 

45.5 

45 

44.4 

48.8 

48.3 

42.7 

42.2 

41.6 

41.1 

40.5 

40 

89.4 

88.8 

.88.8 

,^7.7 

87.2 

86.6 

86.1 

85.5 

85 

81.4 

83.8 

88.3 

32.7 


Fakr. 

Reanm.  Ceatl.    ] 

Fakr.  Bmwi.  QmiL 

90 

95.7 

89.9 

94  -  3.5  *4  4 

89 

25.3 

31.6 

88  —4       —5 

88 

24.8 

31.1 

22  —4.4  —5.5 

87 

24.4 

80.5 

91       4.8  —6.1 

86 

24 

80 

90  —5.3  —6.6 

85 

28.5 

99.4 

19  -5.7  -7.9 

84 

28.1 

28.8 

18  -6.2  -7.7 

83 

22.6 

28.8 

17  -6.6  -8.3 

82 

22.2 

27.7 

16  -7.1   -8.8 

81 

21.7 

27.9 

15  -7.5  —9.4 

80 

21.3 

26.6 

14  -8     —10 

79 

20.8 

26.1 

18  -8.4-10.5 

78 

20.4 

25.5 

19  -   8.8—11.1 

77 

20 

25 

11  -  9.8-11.6 

76 

19.5 

24.4 

10  -9.7—12.9 

75 

19.1 

23.8 

9-10.2-12.7 

74 

18.6 

93.3 

8-10.6—18.3 

78 

18.2 

92.7 

7-11.1-18.8 

72 

17.7 

22.9 

6-11.5-14.4 

71 

17.3 

21.6 

5—12     —15 

70 

16.8 

21.1 

4—12.4-15.5 

69 

16.4 

20.5 

3—12.8-16.1 

1     68 

16 

20 

2-18.8-16.6 

1     67 

15.5 

19.4 

1-18.7-17.9 

;     66 

15.1 

18.8 

0-14.2-  17.7 

65 

14.6 

18.8 

—  1-14.6-18.3 

.     64 

14.2 

17.7 

-.2-15.1-18.8 

;     68 

18.7 

17.2 

—8—15.5-19  4 

62 

18.8 

16.6 

—4-16     —20 

.     61 

12.8 

16.1 

—  5—16.1—20.5 

60 

12.4 

15.5 

-6-16.8-21.1 

!     59 

12 

15 

-7-17. 8-2r  f 

i     58 

11.5 

14.4 

—8-17.7-22.9 

i     57 

1.1 

13.8 

—9-18.2—22.7 

56 

10  6 

18.3 

10-18.6-28.S 

55 

10.2 

12.7 

-11-19.1-23.8 

54 

9.7 

12.2 

—  12—19.5-24.4 

58 

9.8 

11.6 

—  18—20     —25 

52 

8.8 

11. 1 

-14-20.4—25.5 

51 

8.4 

10.5 

—  15—20.8—26.1 

50 

8 

10 

—  16-21.8-26.6 

49 

7.5 

9.4 

-17-21.7-27.9 

48 

7.1 

8.8 

—  18—22.2—27.7 

47 

6.6 

8.8 

—  19-22.6—28.8 

46 

6.2 

7.7 

-20-28.1-28.8 

45 

5.7 

7.2 

—  21-28.5—29.4 

44 

5.8 

6.6 

—22—24     —SO 

48 

4.8 

6.1 

-28—24.4—80.5 

42 

4.4 

5.5 

-21—24.8—31.1 

41 

4 

5 

—  25—25.8—81.6 

40 

8.5 

4.4 

—  26—25.7—82.9 

.89 

8.1 

3.8 

-27-26.2-89.7 

88 

2.6 

3.8 

—  28—26.6—88.8 

87 

2.2 

9.7 

-29—27.1—88.8 

86 

1.7 

2.2 

-80     27.5—84.4 

85 

1.3 

1.6 

-81-28.4-85 

84 

0.8 

1.1 

—  82-28     .    85.5 

83 

0.4 

0.5 

—  33—28.8  -36.1 

32 

0 

0 

__S4— 29.8— 86.6 

81- 

-  0.4. 

-  0.5 

—  85     99.7-87.9 

80 

-  0.8. 

-   1.1 

-86- fO. 2-87. 7 

29 

-  0.3. 

-   1.6 

—  87— ,80.6— .88.8 

28 

-    1.7 

-  2.2 

-88-81    1-.88.II 

27 

-  2.2 

-  2.7 

-89-31.5-89.4 

26 

-  2.6 

-  8.8 

-40-82     -40 

25 

-  8.1 

-   8,8 

ifi  HEAT. 

Dr.  Murray  proposeO  a  scale  which  he  temperatures,  a  diminution  of  caj 

believed  woiua  combine  all  tlie  advan-  would  tliereforc  result,  and  h<^t  would 

tages  of  other  scales,  without  their  dis-  consequently  be  given  out,  which  would 

advantages ;   his  ulan  is  to  make  the  occasion  the  temperature  of  the  mix 

extreme  points  of  liis  scale  at  the  freez-  ture  to  appear  higher  than  it  ought 

ing  and  boiling  of  mercury,  and  to  di-  to  do. 

vide  the  space^  between  into   1000  de-  Dr.  Crawford,  in  order  to  obviate  this 

grees.  objection,     exposed     a     thermometer 

As  mercury  expands  more  uniformly  equally  to  air  cooled  by  snow  to  32^ 
than  any  other  fluid,  and  as  there  is  a  and  heated  by  steam  to  212°:  the  re- 
wider  ran^  between  its  freezing  and  suiting  temperatiu^  at  which  the  in- 
boiling  pomts,  mercurial  thermometers  strument  remained  stationary  fifteen 
are  most  generally  usefid ;  but,  when  low  minutes,  was  121^,  only  one  d^ree 
degrees  of  temperature  are  to  be  mea-  lower  than  the  mean ;  anid  he  thought 
iured,  a  thermometer  containing  co-  that  this  deviation  should  be  reduced,  oy 
loured  alcohol  is  the  best  adapted  to  admitting  a  correction  for  the  effect  of 
the  purpose,  since  it  has  not  been  found  temperature  on  the  quantity  of  fluid  in 
possible  to  make  this  fluid  solid  by  any  the  stem, 
reduction  of  temixiratiure  yet  effected.  Experiments  of  a  still   greater  ac- 

Dr.  Halley,  Dr.  Brook  Taylor,  Dr.  curacy   have  been  made  by  Dr.  Ure, 

Black,    and   otlier  philosophers,  have  and  l^  MM.  Dulong  and  F^t,  which 

made  numerous  experiments  to  asceiiain  prove  that  the  slight  degree  of  inequa- 

whetherthe  expansion  and  contraction  of  lity  in   the   expansion  of  mercmr  in 

mercury  is  tiie  same  at  every  tempera-  tiiermometer-tubes  is  compensatea  by 

ture,  for  eciual  portions  of  heat  applied  the  expansion  of  the  glass,  and  also  by 

or  withdrawn.  The  experiment  most  ge-  the  lessening  mass  of  mercury  remain- 

nerally  made  by  them  was  to  take  a  ther-  ing  in    the  bulb  as  the   tempentun 

mometer  with    a  perfectly    cylindrical  rises  ;  so  that  tiie  mercurial  thomome- 

tube,  and  having  plunged  it  in  hot  wa-  ter  may  be  considered  as   an  aocorate 

ter,  to  mark  tlie  stationary  point  of  the  indicator  of  changes  of  temperature, 

fluid ;  tiiey  then  obser>'ed  where  the  fluid  Various  modifications  of  the  axr  ther- 

stood  when  plunged  into  an  equal  weight  mometer  have  been  introduced,  of  which 

of  cold  water ;  and,  lastiy,  they  mixed  Mr.  I^slie's  is  considered  the  most  use 

the  two  portions  of  water  together,  and  ful*.    It  is  called  the  differential  thei^ 

tried  the  tem^Kirature  of  the  mixture :  mometer,  and  consists  of  a  long  f;U8f 

if  the  temperature  indicated  was  the  tube,  twice  bent  at  right  angles,  havmj;! 

mean  between  the  temperatures  of  the  bulb  at  each  extremity ;  the  tube  containi 

two  fiuids,  they  considered  the  indica-  a  quantity  of  sulphuric  acid,  tinged  with 

tions  of  the  thermometer,  as  to  changes  carmine.  Tlie  original  adjustment  of  this 

of  temperature,  to  be  correct    Many  fluid  is  rather  difficult,  and  requires  care 

sources  of  error  were  to  be  guarded  and  dexterity.    The  instrument  is  fiir- 

against  in  tills  experiment,  and  mfferent  nished  with  a  scale  of  100  equal  parts, 

conclusions  were  arrived  at ;  De  Luc's  and  is  flxed  upon  a  wooden  support, 

opinion  was,  that  the  thermometric  fluids  Both  the  bulbs  of-  the  instrument  being 

do  not  expand  equally,  with  equal  quan-  exposed  to  the  same  temperature,  it  is 

tities  of  heat  applied.    The  least  oevia-  not  in  the  least  affected ;  uut  as  soon  is 

tion  from  regularity  was   observed   in  one  of  the  bulbs  is  exposed  to  a  higher 

mercury.     Eiiual  wei^ts  of  water  at  temperature  than  tiie  other,  the  difference 

2007°  and  45°  being  mixed  together,  the  between  them  is  delicately  shewn  by  the 

temperature   was  2*5°  lower  than  the  falling  of  the  coloured  fluid  bdow  the 

arithmetical  mean,  and  experiments  tried  bulb  which  is  most  heated.    This  in- 

with  other  temperatures  gave  similar  strument  not  being  affected  by  the  vaii* 

Jesuits.  ations  of  atmospherical  pressure,  nor  br 

De  Luc  thought  that  experiments  of  fluctuations  of  temperature  in  the  it- 

tiie  kind  just  stated  could  not  be  relied  mospherc,   it    is    admirably  fitted  for 

upon,  as  they  rested  on  an  assumption  experiments  on  radiant  heat ;  its  form 

that  the  capacity  of  water  for  heat  is  is  shewn  aty^.  7. 

the  same  tliroughout  the  whole  range  of  Another  modification  of  this  instn 

temperature  operated   upon,  while  he  ment  was  introduced  by  Dr.  Howanl 

bdieved    that  the    capacity  increased  ___,^___^_.-^__«_^— 

along  with  tiie  tem^rature.    On  mix-  .  E^peHmanui  Inqairr  lato  the  Mate  airi  A* 

uy  two  quantities  of  water  at  different  rH,(»tion  9!  Heat. 
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bulbs  it  made  lo  Maml  lili^her  than  the 
other,  and  the  included  Uciuid  is  alcuhol 
or  ether  coloured,  which  is  made  to  boil 
for  the  purpose  of  excludint;  the  air, 
previous  to  the  closing  of  the  instru- 
□lent  by  the  blow-[Hpe.    {Fig.  8.) 

Several  instruments 
have  been  made,  to  indi- 1 
eaix  changes  of  lempera- 
tuic,  upon  the  principle 
of  the  unequal  expansion 
of  different  metals.  Mr. 
Crichton  of  Glasgow, 
haa  combined  small  ob- 
long plates  of  steel  and 
nDC:  the  compound  bar 
thus  produced,  is  finnly 
secured  at  one  end  to  a 
board  ;  the  other  end  is 
spphed  to  a  moveable 
index,  so  that  the  whole 
of  the  bending  occasion- 
ed by  the  superior  ex- 
pansibility of  the  line 
over  that  of  the  steel,  is 
exercised  in  moving  the 
arms  of  the  index  alone 
a  graduated  arc,  ana 
leaves  them  at  the  great- 
est deviation  to  the  ri^^t 
or  left  of  any  obsarved 
temperature. 

"An  exquisite  instrument,"  says  Dr. 
Ure,  "  on  the  same  prindple  has  been 
invented  by  M,  Breguet,  member  of  the 
Academy  of  Sciences,  and  Boaid  of 
Loogitude  of  France.  It  consists  of  a 
narrow  metallic  slip,  about  ligof  an 
iaeh  tluck,  eomposea  of  silver  aod  pla- 
tiiia  adldered  together ;  and  is  coiled  in 
B  eyliitdriMl  EMm.    Tlietapof  thisspi- 


AT.  19 

ral  tube  is  luspended  by  a  ouss  aim. 
and  the  bottom  canics,  in  a  horizontal 
position,  a  very  delicate  golden  nee^, 
which  traverses  as  an  index  on  a  gra- 
duated circular  plate.  A  iteel  stud 
rises  in  the  centre  of  the  tube,  to  pre- 
vent its  oscillations  from  the  central 
ponUon.  If  the  silver  be  on  the  out* 
side  of  the  spb^,  then  the  influence  of 
increased  temperature  will  increase  the 
curvature,  and  move  the  appended 
needle  in  the  direction  of  thecoil;  while 
the  action  of  cold  will  relax  the  coil,  and 
move  the  needle  in  the  opposite  di- 
rection." The  principle  of  these  last- 
mentioned  contnvances  is  clearly  the 
■ame  as  that  of  Arnold's  compensation 
balance,  aJivady  alluded  to. 

Various  modifications  of  the  thermo- 
meter have  been  introduced,  for  the 
purpose  of  adapting  it  to  particular  pur- 
poses, which  cannot  hei-e  be  described. 

_  Of  the  contrivances  for  measuring 
high  degrees  of  temperature,  thai  of 
Wedgewood  has  been  the  most  in  use: 
its  indications  depend  upon  the  contrac- 
tion of  pure  clay  when  much  heated. 
This  reduction  of  bulk  is  first  observed 
when  the  c!aj[  acquires  a  red  heat,  and 
continues  to  increase  until  vitriflcatiou 
ensues ;  the  contraction  of  volume 
bdng  permanent,  and  amounts,  in  the 
whote,  to  about  oTie  fourth.  In 
order  to  take  advantage  of  this  pro- 
perty of  clay,  Mr.  Wedgewood  con- 
structed aguage  of  brass,  consisting  of 
two  straight  pieces,  two  feetlongTMcd 
upon  a  plate,  a  httle  nearer  to  each 
other  at  one  end  than  at  the  otha ;  the 
sjMce  lietween  them  at  the  widot  end 
bnng  five-tenths  of  an  inch,  and  at  tlM 
narrowest  three-tenths.  The  convag- 
ing  pieces  were  divided  into  inches  and 
tenths  of  inches.  The  pieces  of  clay, 
the  contractions  of  which  were  to  be 
meastired,  were  of  a  cylindrical  form, 
flattened  on  one  side,  and  of  such  a  siie 
as  lo  t>e  exactly  adapted  to  the  wider  end 
of  the  guage,  so  that  it  might  slide  &r- 
ther  in,  in  proportion,  to  the  degree  of 
heat  appli^  to  it. 

The  indications  of  this  instrument, 
which  he  called  the  PyromtUr,  from  two 
Greek  words  tignifjing  meaturt  i^  fire, 
gave  the  comparative  degrees  of  neat 
produced  in  different  processes ;  but  to 
obtain  the  utmost  information  whidi 
the  instrument  was  capable  of  afftird- 
ing,  it  seemed  absolutely  necessaiv  lo 
apply  a  scale  to  it,  the  degrees  on  which 
■hould  l>ear  some  certain  proportion  ta 
the  degrees  on  tlw  Ks^m.¥iAa«ciMcft..  I 
1. 1  ' 
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Mr.  Wedgewood  observed  that  the  heat 
which  raised  the  temperature  of  Fahr- 
enheit's thermometer  from  50°  to  212°* 
expanded  a  piece  of  silver  from  0°  to  8° 
if  a  certain  scale,  and  that  a  heat  which 
expanded  the  silver  from  0°  to  66°  of  ita 
scale,  corresyponded  to  2}°  of  the  clav  or 
Wedgewood's  scale.  By  these  and  si- 
milar experiments,  he  found  that  each 
degree  or  his  PjTometer  is  equal  to  130° 
of  Fahrenheit's  scale.  The  temperature 
of  a  red  heat,  visible  by  daylight,  which 
-was  found  to  correspond  to  1077^°,  was 
taken  as  the  commencement  of  Wedge 
wood's  scale. 

The  following  Table,  pointing  out 
the  effects  upon  bodies  of  (Afferent  de- 
grees of  heat  according  to  this  and  Fahr- 
enheit's scales  is  taken  from  Murray's 
System  of  Chemistry. 

Wedg.    Ffthroi. 
Extremity    of  the  Scale   of 

Wedgwood's  Thermometer  240°  »2277° 
Greatest  heat  of  an  air  fur- 
DRce,  8  inches  in  diameter, 
which  neither  melted  nor 

•oftened  Nankin  porcelain  160  21877 
Chinese   porcelain  softened, 

best  sort 156  21S57 

Cast  iron,  thoroughly  melted  150  20577 

Hessian  crucible,  melted. ...    150  S0577 

Bristol  porcelain,  not  melted  1S5  18627 

Cast  iron  begins  to  melt ISO  17977 

Greatest  heat  of  a  common 

smiUi's  forge 125  17S87 

Plate  glass  furnace,  strongest 

heat 124  17197 

Bow  porcelain,  vitrifies If  1  16807 

Chinese  porcelain,  softened, 

inferior  sort 180  16677 

Flint  glass  furnace,  (strongest 

heat) 114  15897 

Derby  porcelain  vitrifies  ...    112  156S7 

Chelsea  porcelain  vitrifies . .    105  M727 

Stone  ware  baked  in 102  1 4SS7 

Welding  heat  of  iron  (great- 
est)      05  1S127 

Worcester  porcelain  vitrifies    94  1S297 

Welding  heat  of  iron  (least)      90  1 2777 

Cream-coloured  ware  baked  in     86  12257 
Flint     glass    furnace    (weak 

heat) 70  10177 

Working  heat  of  plate  glass    57  8487 

Delft  ware  baked  in 41  6407 

Fine  gold  melts 92  5237 

Settling  heat  of  flint  glass  . .     29  48 17 

Fine  silver  melts 28  4717 

Swedish  copper  melts  •• .    ..     27  4587 

Silver  melts  (Dr.  Kennedy). .      22  8937 

Brass  melts 21  8807 

lleat^i  by  which  enamel  co- 
lours are  burnt  on 6  1857 

Red  heat,  fully  visible  in  day -light  1 077 

Iron  red  hot  in  the  twilight 881 

Heat  of  a  common  fire 790 

ton  b.  i^lit  red  in  the  dark 752 

'iiic  mdts 1W 


Quicksilver  boils  (Irviae) 

(Dalton) 

(Crichton) 

Lowest  ignition  of  iron  in  the  dark 

Linseed  oil  boils 

Lead  melts  (Guvton,  Irvine) 

Sulphuric  acid  boils  (Dalton).. .. 
The  surface  of  polished  steel  ac- 
quires a  uniform  deep  blue. .  •  • 

Oil  of  turpentine  boils 

Sulphur  bums 

Phosphorus  boils •• 

Bismuth  melts  (Irvine) 

The  surface  of  polished  steel  ac- 
quires a  pale  straw-colour 

Tin  melts  (Cricbton,  Irvine) 

A  mixture  of  three  parts  tin  aod 
two  of  lead  melts;  also  a  mix- 
ture of  two  parts  tin  and  one  of 

bismuth  melts 

A  compound  of  equal  parts  of  tin 

and  bismuth  melts • 

Nitric  acid  boils. 

Sulphur  melts ; 

A  saturated  solution  of  salt  boils 

Water  boils  (the  barometer  being 

at  80  inches);  alsoacompound 

of  five  of  bismuth,  three  of  tin, 

and  two  of  lead  melts 

A  compound  of  three  parts  of  tiiiy 
five  of  lead,  and  eight  of  bis- 
muth, melts  rather  below 

Alcohol  boils 

Beej'  wax  melts 

Spermaceti  melts 

Phosphorus  melts • 

Ether  boils 

Heat  of  the  human  blood 

Medium  temperature  of  the  globe 

Ice  melts 

Milk  freezes. ••• 

Vinegar  freezes  at  about 

Strong  wine  freezes  at  about .... 
A  mixture  of  one  part  alcohol  and 

three  parts  water  freezes 

A  mixture  of  alcohol  and  water  in 

equal  quantities  freezes 

A  mixture  of  two  paru  alcohol 
and  one  part  water  freezes .... 
Melting  point  of  quicksilver  (Ca- 
vendish)   • 

Liquid      ammonia      crystalliiees 

(  Vauquelin) 

Nitric  acid  sp.  gr.  about    1.48 

freezes  (Cavendish) • 

Sulphuric   Kther  congeals  (Vaa- 

quclin) 

Natural  temperature  observed  by 

Mr.  Hutch  ins  at  Hudson*^  Bay 

Ammoniacal  gas  condenses  into  a 

liquid  (Guyton) 

Nitrous  acid  freezes 

Cold  produced  from  dilated  sul- 
phuric acid  and  snow,  the  ma- 
terials being  at  the  tempeiatiiiv 

of57    

Greale^^  artificial  cold  yet 
mut^dVWalker) 


m 

660 
655 
6.^5 
600 
591 
590 


460 
448 


8S4 

888 

848 

886 
818 


81 


810 
174 
148 
ISS 
100 
98 


50 
88 
SO 
88 

80 


-T 
-U 
-88 
-48 
-45 
-47 


-54 
-51 


*ii 


HEAT.  VI 

It  has  been  asserted  by  Guyton  de  mercury  enter  the  biilb.  Should  there 
Morveau*,  that  the  indications  of  be  a  mechanical  difficulty  in  makinir  a 
Wedgewood's  pyrometer  are  not  so  hi^h  bulb  of  this  metal,  then  a  hollow  chin- 
as they  are  made  to  appear ;  but  he  der  half  an  inch  in  diameter,  with  a  pla- 
has  certainly  erred,  in  supposing  that  tinum  stem,  like  that  of  a  tobacco  pipe, 
the  red  heat,  at  which  Wedgewood  com-  screwed  into  it,  will  suit  equally  well/' 
mences  his  scale,  is  no  higher  than  5 1 7°  Having  considered  the  expansion  of 
of  Fahrenheit ;  since  oil  and  mercury  bodies  by  heat,  and  the  various  means 
are  both  capable  of  indicating  higher  of  measiuing  that  expansion,  it  seems  to 
degrees  of  heat,  without  exhibiting  the  be  required,  in  order  to  give  a  complete 
least  appearance  of  redness.  view  of  the  subject,  that  the  effects  ca- 

In  Guyton  de  Morveau's  pyrometert,  pable  of  being  produced  by  reducing 
platina  is  used  to  measure  nigh  degrees  bodies  below  Uieur  usual  temperatures, 
of  heat.  The  instrument  alluded  to,  is  and  the  artificial  modes  by  which  this  is 
formed  of  a  mass  of  highly-baked  white  efiected,  should  be  noticed  in  this  place ; 
clay,  having  a  groove  in  it  for  the  pur-  but  it  is  believed  that  a  still  more  appro- 
])ose  of  receiving  a  rod  or  plate  of  pla-  priate  opportunity  of  entering  into  tiiis 
tina,  which,  resting  on  the  clay  at  one  discussion  will  be  found  in  a  more  ad- 
end,  at  the  other  presses  against  it  the  yanced  part  of  this  treatise, 
end  of  a  bended  lever,  the  longest  arm 
of  which  is  made,  by  the  expansion  oc-  Cuaptbr  V. 

rS^atl^'^^^^t^^^^^^^^^  OfV^^ffere^Uj^.^^ 

rise  of  temperature.  ^^"^  ^^• 

Dr.  Ure  {Chemical  Dictionary^  p.  To  prove  in  a  simple  and  convindnff 
657)  is  of  opinion  that  high  degrees  of  way  that  heat  passes  through  differeiS 
heat  may  be  measured  by  the  expansion  bouies  with  veiy  different  degrees  of  ve- 
of  air.  "  Since  clr}'  air  augments  in  vo-  locity,  it  is  oniy  necessary  \o  take  slen- 
lume  3-8ths  for  180  degrees,  and  since  der  cylinders  of  different  substances,  as, 
its  progressive  rate  of  expansion  is  pro-  for  example,  silver,  glass,  and  charcoal, 
bably  uniform  by  uniform  increments  of  and  while  holding  one  end  of  each  in  the 
heat,  a  pyrometer  might  easily  be  con-  hand,  let  the  other  end  be  held  in  the 
strucied  on  this  principle.  Form  a  bulb  flame  of  a  candle ;  the  silver  will  soon 
and  tube  of  platinum  of  exactly  the  same  become  too  hot  to  hold,  the  glass  will  be 
form  as  a  thermometer,  and  connect,  much  lon^  in  being  heated,  and  the 
with  the  extremity  of  the  stem  at  right  charcoal  will  be  ignit^  (or  red-hot)  at 
mngles,  a  glass  tube  of  uniform  calibre,  one  end,  long  before  any  sensation  of 
fined  with  mercury,  and  terminating  be-  heat  is  felt  at  the  other.  The  substances 
low  in  a  recurved  bulb,  like  that  of  the  that  become  hot  soonest  at  the  end 
Italian  barometer.  Graduate  the  glass  farthest  from  the  flame,  are  said  to  be 
tube  into  a  series  of  spaces  equivsdent  the  best  conductors  of  caloric. 
to  3-8ths  of  the  total  volume  of  the  pia-  The  densest  bodies  are  generally  the 
tma  bulb,  with  3-4ths  of  its  stem.  The  best  conductors  |  but  there  is  no  mva- 
other  fourth  may  be  supposed  to  be  little  riable  relation  existing  between  the  den- 
influenced  by  the  source  of  heat  On  sity  of  a  l>ody  and  its  conducting  power ; 
plungingthe  bulb,  and  2-3rds  of  the  stem  as  the  densest  of  the  metals,  platinum,. 
into  a  nimace,  the  depression  of  the  is  one  of  the  worst  of  metallic  con- 
mercury  will  indicate  the  degree  of  heat,  ductors.  Earthy  substances  are  much 
Aj  the  movement  of  the  column  will  be  inferior  to  metals  in  their  conducting 
very  considerable,  it  will  be  scarcely  power ;  wood  is  still  more  so ;  but  the 
worth  while  to  introduce  any  correction  solid  substances  that  have  the  least 
for  the  change  of  the  initial  volume  by  conducting  power,  are  those  which  con- 
barometric  variation.  Or  the  instrument  stitute  the  coverings  of  animals,  as  wool, 
might  be  made  with  the  recurved  bulb  hair,  and  feathers.  Hence  the  great  use 
Beaded,  as  in  Professor  Leslie's  differ-  ofeven  small  portions  of  such  substances 
•ntial  thermometers.  The  glass  tube  in  preventing  the  heat  of  animals  from 
may  bejoined by  fusion  to  the  platinum  being  carried  off  by  the  cold  air;  u 
tube.     Care  must  be  taken  to  let  no  other  words,  keeping  them  warm. 

Ex.  The  difference  between  the  con- 


•  GQTton  on  Wedgewood'k  ThennoneCer,  AnM.  de      ducting  powers  of  metal  and  WOOd  mav 

¥Tif*  ?*V*  *iL  11-     -rw  *     -*  «.  ^        be  strikingly  shown,  by  taking  a  smootli 

irtofy.  li.  III.  45t.  Cylindrical  tube,  or  still  better  a  solid 
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piece  of  metal,  about  one  and  a  half  inch  denrity,  of  their  hardness,  of  their  cohe* 

in  diameter,  and  eii(ht  inches  Ton^ ;  wrap-  sion,  nor  in  any  compound  ratio  of  these, 

ping  a  piece  of  clean  writinu:  paper  round  Rods  of  diffierent  metals,  of  the  sarat 

the  metal,  so  as  to  be  in  close  contact  with  len^h  and  diameter,  were  dipped  by  In- 

its  surface,  and  then  holding  the  paper  in  genhouz  into  melted  wax,  by  which  they 

the  flame  of  a  spirit  Lamp :  it  may  be  acquired  a  coating  of  tiiat  substance, 

held  there  for  a  considerable  time,  with-  When  cold,  the}*  were  plunj^  to  the 

out  being  in  tlie  least  afi'ecrted.     Wrap  a  depth  of  about  two  inches  mto  heated 

similar  piece  of  paper  round  a  cylindncal  oil,  and  the  conducting  power  was  in- 

}>iece  of  wood  of  tnc  same  diameter,  and  ferred  from  the  length  of  wax  coating 
lold  it  in  the  flame ;  it  will  very  speedily  melted  in  a  given  time.  Silver,  accord- 
bum.  When  the  paper  is  in  close  con-  ing  to  these  experiments,  is  the  best 
tact  with  the  metal,  the  heat  which  is  conductor ;  then  gold,  tin,  copper,  pla- 
applied  to  it  in  one  particular  part  cannot  tinum,  steel,  iron,  and  lead.  Tnese  ex- 
accumulate  there ;  but  enters  into  the  periments,  however,  are  not  considered 
metal,  and  is  equally  diffused  through  as  perfectly  accurate.  The  experiments 
its  substance,  so  that  the  paper  cannot  of  Meyer,  of  Erlangen,  by  which  he 
be  burned  or  scorched  until  the  metal  endeavoured  to  ascertain  the  conducting 
becomes  very  hot :  but  when  paper  is  powers  of  diffierent  kinds  of  wood,  a:p- 
wrapped  round  wood,  the  heat  tliat  is  pear  to  be  subject  to  so  many  causes  of 
applied  in  one  particular  part,  not  being  error,  that  the  results  obtained  by  them 
able  to  enter  into  the  wood  with  facility,  can  scarcely  be  depended  upon, 
accumulates,  in  a  short  time,  in  sum-  The  following  Tab  lb  gives  the  results 
cientquantity  to  bum  the  paper.  which  he  obtained;  Uie  conducting 
Sand  conducts  heat  so  slowly,  that  the  power  of  water  being  made  the  standira. 
red  hot  balls  used  at  Gibraltar  in  re-  CoBdncfing  ^ pcnfie 
pelling  the  attack  of  the  Spaniards,  were  Poirrr,          Qnntj. 

conveyed  from  the  furnaces  to  the  bas-    JJ[f ^^'     ^^    *  '^^ 

tions,  in  wooden  wheelbarrows,  having    ^bony  wood « 1 . 7 1 .054 

only  a  layer  of  sand  between  them  and    'jPf*^  ^^^ H'i 2"S2t 

the  balls:  ^»*':- J^-® J-^i 

Solid  substances  conduct  heat  in  a^  ii^r'„h^\;- iii.'.'^.'.iiy.jK'.sli.'iiioiew 

directions,   upwards,   downwards,   and    pi^n,  tree  S2.5 0.687 

sideways,  with  nearly  equal  facility.  Rim 88.5 0.646 

A  set  of  experiments  was  made  by    o«k 32.6 0.668 

Richman,  with  a  view  to  ascertain  if    Pear  tree  SS . s 0.60S 

any  relation  existed  between  the  con-    Hirch   Si .  1 0.608 

ducting  powers  of  bodies  and  their  other    Silver  flr S7.5 0.495 

properties.    He  took  hollow  balls  of  the    Alder    88.4 0.484 

metals,  equal  in  size  to  each  other,  and    Scotch  flr 88.6 0.408 

ha>'ing  the   bulb  of  a  mercurial  ther-     Norway  spruce       88.9 0.447 

mometer  inclosed  in   each.    The  balls    ^'""^    ^'^ ^'^^ 

having  been  immersed  in  boiling  wafer  Experiments   were    made  by  Count 

until    each    thermometer   attaineil   the  Rumforcl,  for  the    purpose  of  inves- 

same  temperature,  they  were  then  ex-  tigating    the    fitness  or   various   sub- 

poseil  to  the  air,  and  tlie  times  of  their  stances,  as  articles  of  warm  clothing. 

cooling  observecl :  the  dilterences  in  this  That    philosopher    suspended    a  ther- 

respcct  were    consideretl    as    marking  mometer  in  a  cyhndricai  glass  tube,  the 

their  differences  of  conducting  power,  end  of  wliich  had  been  blown  into  a 

The  metals  wliich  appeared  to  have  the  bulb,  1 /g  inch  in  diameter,  placing  the 

greatest  power  of  retaining  heat  were  bulb  of  the  thermometer  in  the  centre 

brass  and  copper ;  then  iron,  tin  ;   and  of  the  larger  bulb,  surrounded  with  the 

lead  the  least  of  all.    Tlie  decrements  of  substance,    the   conducting   power  of 

temperature  in  a  given  time,  in  the  me-  which  was  to  be  ascertained.  Prepared  iu 

tals  above  mentioned,  being  as  follows :  this  way,  the  apparatus  was  heated  tif 

lead. '25;  tin,  17;  iron,  II ;  copper,  10;  l)eing  plunged  into  boiling  water,  and 

brass,  1 0, — he  considered  himself  jus-  afterwards  cooled  by  being  plunged  in  a 

tifled  in  infen-inir,  from  his  experiments,  mixture  of  pounded  ice  and  water;  and 

that  the  incfoincnts  and  deiTements  (or  the  number  of  seconds  was  aocuratdf 

increases  and  decreases)  of  temperature  marked,  which  the  thermometer  requbn 

in  the  bodies  upon  which  he  experiment-  in  each  experiment  to  cool  from  70^  IB 

'xL  are  not  in  the  inverse  ratio  of  their  10°  of  Reaumur. 
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SviMiiddiwiA                               Saeoada.  and  ice-houses  are  constructed  apoo 

Air,(itcooMiD) 576  this  principle. 

l»gri.ofmw«lk............   1284  .j^           difEerent  sensations  '.hich 

"       afJfnl'sfik^cS  ^     '    9n  ^«  experiOTce  on  touching  substances 

'        Woolf....! ...... ..  1118  ®^  different    kinds,  as  ivory,  marble, 

**       Cotton ' ....     .     . .  1 !  1046  §l«^s»  wood,  are  occasioned  oy  tlie  dif- 

Fine  lint.. . !.!!!!.'.*  108«  ferences  of  conducting  powers  in  these 

Beavei^s  fur 1296  bodies.    A  piece  of  wood,  for  example. 

Ilare*f  fur 1315  l)eing  touched  in  cold  weather,  does  not 

Eider-down 1S05  seem  SO  cold  by  very  much  as  a  piece 

M       Charcoal 9S7  of  iron  in  the  same  place,  although  they 

„       I^mp  black 1117  are  exactly  of  the  same  temperature,  as 

-»       Wood-aihe5 927  m^y  be  proved  by  the  appbcation  of  a 

The  worst  conductors,  as  hares*  fur  thermometer  to  them.  The  iron  feels 
and  eider-down,  involve  a  large  (|uantity  colder,  because,  being  ajg^od  conductor 
of  air  among  the  parts  of  which  they  of  caloric,  the  heat  existmg  in  the  hand 
consist,  to  which,  it  is  beUeved,  th^  over  thuat  of  the  iron,  has  a  tendency  to 
chiefly  owe  the  power  of  resisting  the  enter  into  the  iron,  that  an  equality  of 
passage  of  heat.  The  same  substance  temperature  may  be  produced  between 
is  found  to  have  difierent  conducting  them,  and  the  rapid  '  abstraction  of 
powers,  in  proportion  to  the  closeness  caloric  occasions  tne  sensation  allu- 
or  openness  of  its  texture ,  as  ,vnll  be  ded  to ;  but  wood,  being  a  slow  con- 
teen  oy  refierence  to  the  experiments  on  ductor,  it  does  not  take  away  heat  from 
silk,  the  twisted  silk  having  the  greatest  the  hand  so  rapidW,  uid  therefore  does 
conducting  power.  not  fed  so  cold«  For  Uie  same  reason. 
The  substances  which  form  the  warm-  when  the  iron  and  the  wood  are  at  hi^ 
est  articles  of  clothing  are  those  which  temperatures,  the  former  seems  the  hot- 
have  the  longest  nap,  fur,  or  down,  on  test,  because  it  imparts  heat  most  readily, 
account  of  the  air  which  is  involved  re-  Operators  who  have  frequently  to 
listing  the  escape  of  the  natural  warmth  toucn  substances  hotter  or  colder  than 
of  the  body.  The  imperfect  conducting  is  agreeable,  find  it  very  convenient  to 
power  of  snow  arises  from  the  same  wear  gloves  of  worsted,  that  substance 
cause ;  and  is  of  the  greatest  utility  in  being  a  very  bad  conductor  of  heat, 
preventine^  the  surface  of  the  earth  from  Count  Rumford  illustrated,  by  nume- 
being  iniiuiously  cooled  in  many  parts  of  rous  experiments,  the  very  imperfect 
the  world.  It  is  affirmed,  that  while  the  conducting  power  of  fluids :  indeed,  he 
tonperature  of  the  air  in  Siberia  has  been  suppos^  it  proved  by  his  experiments 
7€P  below  the  freezing  point,  the  surface  that  they  are  absolutely  non-conductors 
of  the  earth,  protect^  by  its  covering  of  of  caloric.  This  opinion  has  b^n  suc- 
suow,  has  .<(^dom  been  older  than  32°.  cessfiiUy  controveiled,  and  fluids  are 
Advantage  is  taken  of  the  imperfect  now  generally  admitted  to  have  a  very 
conducting  powers  of  bodies  for  the  small  degree  of  conducting  power, 
purpose  of  confining  heat :  furnaces  are  It  has  been  proved  that  water  may  be 
frequently  surrounded  by  a  thick  coat-  made  to  boil  m  the  upper  part  of  a  tube, 
ing  of  clay  and  sand  for  some  purposes ;  without  imparting  much  heat  to  the 
the  interposition  of  a  layer  of  charcoal,  lower  portions :  that  water  may  be 
or  of  a  stratum  of  air,  is  very  effectual  brought  to  the  boiling  point  within  one 
in  preventing  Uie  escape  of  caloric,  fourth  of  an  inch  of  ice  without  produc- 
Doubk  windows  may  be  seen  at  Ken-  ing  immediate  liquefaction ;  and  that  ice 
nneton  Palace,  and  in  many  houses  in  is  melted  eighty  times  slower,  when  it  is 
and  about  London,  upon  the  same  prin-  fixed  at  the  bottom  of  a  cylindrical  vessel, 
oiples.  The  air  inclosed  between  the  two  with  warm  water  above  it,  than  when 
windows  opposes  great  resistance  to  the  it  floats  upon  the  surface  of  warm  water, 
escape  of  tne  heat  which  is  produced  Dr.  Murray,  who  was  the  most  suc- 
witliin  the  house  in  winter,  cessful  opponent  of  Count  Rumfords 
Loose  clothing  is  warmer  than  such  theory,  selects  the  following  as  one  of 
as  fits  close,  on  account  of  the  quantity  the  most  unobjectionable  of  the  Count's 
of  imperfectly  conducting  air  confined  experiments.  Over  a  piece  of  ice,  frt>« 
around  the  body,  resisting  the  escape  of  zen  in  the  bottom  of  a  cylindrical  glass 
beat.  The  same  substances  that  pre-  jar,  and  having  a  small  projection  of  ice 
irent  the  escape  of  heat,  will  be  equally  rising  from  the  centre  of  it,  he  poured 
ciflBCtual  in  preventing  its  admission;  olive  oil,  at  32^  to  the  heif^t  of  three  in* 
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chcs  above  the  surface  of  ice.surroundin^  different  philosophers,  are  hostile  to  the 
the  under  part  of  the  jar  with  pounded  assertion  of  Count  Rumford,  that  flukh 
ice,  and  water.  A  solid  cylinder  of  iron,  are  absolutely  non-conductors  of  caloric. 
H  inch  in  diameter,  and  12  inches  loni^,  Dr.  Hope  applied  heat  to  the  surface 
to  which  a  sheath  of  thick  paper  to  pre-  of  water  in  a  vessel  eleven  inches  in 
serve  its  heat  was  adapted,  being  heated  diameter,  and  at  the  same  time  con- 
to  21  o°  by  immersion  in  water,  it  was  trived  that  a  stream  of  water  should  cir- 
introduced  into  the  sheath,  and  sus-  culate  on  the  outside,  to  pre\'ent  the  con- 
pended  in  the  Jar  in  such  a  manner,  that  ducting  power  of  the  sides  of  the  vessel 
the  middle  or  its  lower  extremity  was  from  affecting  the  result ;  heat  was  con- 
directly  above  the  pointed  projection  of  ducted  downwards,  as  appeared  by  the 
ice,  and  distant  from  it  only  y'^ths  of  an  indications  of  a  thermometer  placed  at 
inch.  Ifany  heat  had  descended  through  some  depth  below  the  surface  of  the 
the  thin  stratiun  of  oil,  interposed  be.  fluid.  Dr.  Hope  also  mixed  portions  of 
tween  the  hot  iron  and  the  projection  of  hot  and  cold  water,  and,  after  agitating 
ice  under  it,  it  must  have  been  apparent,  them,  permitted  them  to  remain  at  rest 
by  the  melting  of  the  ice.  But  this  was  for  a  time :  no  separation  took  place  of 
not  the  case ;  the  ice  did  not  appear  to  the  hot  from  the  colder  portions,  but  the 
be  diminish^,  or  othenvisc  afflicted  by  whole  had  attained  one  uniform  tem- 
tho  hot  iron.  When  mercury'  was  sub-  peratiu^,  which  is  considered  to  be  in- 
stituted instead  of  oil,  the  hut  iron  consistent  with  the  tlieory  of  Rumford. 
was  placed  at  the  distance  of  |-inch  Similar  facts  were  ascertained  by 
from  the  ice  without  affecting  it.  Thomson,  Nicholson,  and  Dalton ;  but 

Dr.  Murray  remarks,  that  all  the  ar-  the  most  satisfactoxy  and  conclusive 
rangements  in  this  experiment  are  such  experiment  was  made  by  Dr.  Murray 
as  to  occasion  waste  of  heat,  and  to  of  Edinburgh,  the  original  account  o^ 
prevent  the  conducting  pf)wer  of  the  which  was  published  in  NichoUorCi 
fluid,  if  it  had  any,  from  being  ap])areiit.  Journal,  Bro,  Vol.  L  page  241.  It  ap 
Instead  of  using  a  little  oil  only*  the  ice  peared  to  him  that  all  the  precautions 
was  covered  to  the  height  of'  tluree  in-  which  had  previously  been  taken  to 
ches,  and  this  oil  was  kept  as  nearly  as  ob\iate  errors,  arising  from  the  con- 
possible  at  32"  during  the  whole  of  the  ducting  powers  of  the  vessels  in  which 
experiment.  Tlie  heated  cylinder  being  the  expt^riments  were  performed,  were 
suspended  in  the  oil,  the  poHions  of  o3  insufficient  for  that  purpose  ;  and  a 
nearest  to  its  surfaces  would  be  heated,  more  effectual  method  was  invented  by 
and  expanded,  and  would  therefore  as-  him.  Since  ice  cannot  have  its  tern- 
cend ;  other  portions  would  successively  perature  raised  above  32?,  it  occurred  to 
come  in  contact  with  the  iron,  and  sinii-  nim  that  a  vessel  of  that  substance 
lar  effects  would  be  proihiced  upon  would  answer  well  for  holding  fluids, 
them ;  and  this  circulation  would  con-  the  conducting  power  of  which  is  in- 
tinue  as  lon<2:  as  the  iron  continued  to  tended  to  be  tried ;  for  whatever  degree  of 
impart  calonc  to  the  oil ;  the  ascending  heat  may  be  applied  to  it  above,  it  can- 
current  being  in  the  middle  of  the  jar,  not  conduct  the  heat  downwards,  the 
and  the  descending  current  keeping  near  melting  of  a  part  of  the  ice  being  the 
to  the  sides.  By  tliis  circulation  it  is  only  efrect  which  it  woidd  be  capable 
obvious  that  no  caloric  coidd  be  com-  of  producing.  Heat  being  applied  to 
municated  to  the  ice,  imtil  the  whole  of  the  suiface  of  a  fluid,  under  such  cir- 
the  licjuid  arrived  at  a  higher  tempera-  cumstances,  if  that  fluid  shouki  have  its 
ture  than  32^.  The  rise  of  temj)erature  temj)erature  increased  below,  it  may  l)e 
of  the  liquid  in  the  jar  must  have  been  with  eertaintv  inferred  that  such  increase 
greatly  retarded  by  its  being  surrounded  is  owing  to  tlie  conducting  power  of  the 
with  ice  and  water.  In  addition  to  this  fluid  itself,  and  not  to  that  of  the  vessel 
it  has  been  remarked,  that  this  mode  of  in  which  it  is  contained, 
detecting  the  communication  of  caloric,  Mr.  Murray  gives  the  following  ac- 
by  Uie  melting  of  ice.  is  unfavourable ;  count  of  this  experiment  in  his  System 
since  in  that  operation,  a  large  quan-  of  C/temixtry,  third  edition^yol.  L pagi 
tity  of  caloric  is  absorbed,  and  a  por-  305.  "  In  a  hollow  cylinder  of  ice,  a 
tion  rniirht  be  actually  communicated  thermometer  was  plac^  horizontallr, 
to  the  ice.  and  yet  mijdit  not  be  able  to  at  the  depth  of  one  inch,  its  biub 
melt  a  sufficient  quantity  to  render  its  being  in  the  axis  of  the  cylinder,  and 
effects  ai)parent.  the  i)art  of  the  stem  to  which  the  seak 

The  residts  of  experiments  by  man;,  was    attached,    entirely    without.     Af 
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r  could  not  be  employed  at  the  The  great  difltcully  opposed  to  the 

,«r»ture  at  which  il  in  requisite  to  prtwres*  of  caloric  dovrnwurdK,  and  the 

make  the  eiperiment  in  this  apparatus,  mohon  of  the  particles  by  which  hmit  in 
on  account  of  Ihe  property  it  possesses  conveyed  throiighwaterupwBrda.maybe 
of  becoming  more  dense  in  the  rise  of  further  illustrated  by  a  few  experiments, 
its  temperature  from  32°  to  in",  oil  was  Ex.  Pour  into  a  f^nss  tube  about 
flnt  used.  A  quantity  of  almond  oil  ten  inches  long  and  one  inch  in  diameter, 
at  the  temperature  of  32^  was  poured  a  little  water  tinged  with  litmus :  thm 
into  the  ice  cylinder,  so  as  to  cover  the  fill  up  gradually  and  carefully  wiih  co- 
bulb  of  the  thermometer  1  inch.  Aflat-  lourless  water:  heat  t>ein^  applied  near 
bottomed  iron  cup  was  su^tpended,  so  as  the  top,  the  coloured  liquid  wiU  remain 
newly  to  touch  the  liurfocD  of  the  oil,  stationary  at  the  bottom,  which  it  could 
and  two  ounces  of  boiling  water  were  not  do  il  it  were  heated  and  thus  ex- 
poured  into  it  In  a  minule  and  a  half,  panded  or  made  lighter ;  hut  when 
the  (hermometer  had  risen  fhim  32°  to  neat  is  applied  at  the  bottom,  the  co- 
321",  >n  three  minutes  to  34  (°,  in  five  loured  portion  will  ascend  and  be  dif- 
minutes  to  3GJ°,  in  seven  minutes  to  fused  through  the  whole. 
37]°,  when  it  liecame  stationary,  and  Et.  Secure  a  circvitor  piece  of  ice  to 
iioon  bej^an  to  fall.  When  more  oil  was  the  bottom  of  a  cylindrical  glass  jar, 
interposed  Ijetween  the  bottom  of  the  about  twelve  inches  deep  and  four  wide; 
cup  and  the  bulb  of  the  thermometer,  cover  the  ice  to  tlie  depth  of  two  or 
the  rise  was  less  ;  liut  even  when  its  three  inches  with  water  at  32° :  on  the 
depth  was  three-quarters  of  an  inch,  surface  of  this  water  place,  so  thnt  it 
the  rise  was  perceptible,  amounling  may  flnat,a  woodenhoxperforatedwilh 
to  11  degree.  With  Mtrtury  the  same  minule  holes  in  its  sides  only'  then 
results  were  obtained,  Ihe  thermometer  pour,  gently  and  gradually,  boiling 
rising,  only  with  much  more  rapidity,  water  into  the  box,   until  the  y-  — 


nearly  full— the  ii 

melted  for  a  very  considerable  time; 
butif  a  similar  piece  of  ice  is  placed  upon 
the^surface,  it  will  very  quickly  be  mclt«d. 


The  slow  conductirg 


from  tlie  mercury  being  a  better 
(luclor  than  Ihe  oil." 

Dr.  Trail  (NirAolimn'it  Joumai,  Vol. 
XJI.fiage  127)  asccrtuned  the  relative 
conduclingpowersof difti;rentfiui<lB,  by 

finding  the  length  of  time  required  to    power  of  water  may  be 
raise  the  temperature  of  a  mercurial    illustrated  by  the  ar- 
tliermometer  three  decrees  of  Fahren-     rangement  repre*ientE<] 
belt's  scale,  when  placed  in  each  liquid,     at  jig.  9.    A  small  air- 
heat  lidng  applied  by  means  of  a  cjlin-     thermometer,    capab:e 
der  of  iron  ime  inch  in  iliiimeter,  he'ited     of  shewing  very  minui.e 
to  21i'',  and  suspended  in  the  liquid  at     alterations  of  itmpert- 
tlie  disttince  of  half  wii   inch  tTom  the     ture,  being  pbin^  infl 
bvilb  of  the  thermometer  ;  nnd  that  Ihe     the  water  of  the  jar,  s     ^ 
conducting  power  of  the  vessel  might     that  the  bulb  may  be 
influence  the  residts  as  little  as  possible,     Uttte  below  the  surface 
it  was  made  of  wood.     The  thermome- 
ter placed  in 


Siiiiniti-d  Solalion  of  Sul-  t 
phatc  oT  Soda J 

Water 

Proof  Spirii 

SolMlionofoneparl  of  Sul-") 
pli»(G  of  IroD,  in  ilve  } 
parti  of  Wuler J 

Water  of  I'o'iuu 

MilkofaCow 

Saturauxl  Solution  of  Sul-} 
phaie  of  Aluminr J 

Alcohol  Tj>iid.  PhBTm 1 

fittluraled  Solution  of  Sul-  | 
phale  of  Sofia,  but  (lie  I 
|i.|uid     not    louchin^^   1 
the  iron  cjUader  by  I 
Q.I  inch,  orncatlv  so  I 


ether  may  be  inflamtd 
on  the  surface  of  the 
water,  without  aflect- 
ing  the  thermometer  in 
any  considerable  d«- 
P*e.  I 

The  cooling  of  water  m 
a  very  much  Impeded  9 
by  amixtureof  stBrch,|H 
mucilage,  or  other  sub-| 

stances  with  it,  on  

count  of  Jhe  difficulty  thus  opposad 
to  the  ascending  motion  of  its  partiale*, 
by  which  the  heat  is  prev'enled  fh»ii 
reaching  its  surface.  Thus  compounds, 
such  as  soups,  require  much  longer 
time  to  cool  than  pure  water, 

Et.  The  circulatinn  of  the  partickt 
of  fiuid  is  very  pleasingly  sliewn  bj 
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heating  water  in  a  tube  similar  to  that  portance.  Cold  ur  passing  over  the 
in  the  last  ex]X!rinient  but  one,  the  water  of  the  sea,  from  the  polar  resnons, 
water  ha\ini;  some  particles  diff^ised  is  much  warmed  in  its  progress,  by  heat 
in  it  of  amber  or  other  lii^ht  substance  derived  from  the  water.  Count  Kum- 
not  soluble  in  water.  ford  affirms,  that  one  cubical  foot  of 

From  these  and  similar  ex])erimcnts,  water,  in  cooling  one  despnee.  gives  out 
it  appears  that  the  reason  why  heat  is  a  sufficient  quantity  of  heat  to  raise 
80  slowly  diffused  throuirh  liaiiids  in  a  the  temperature  of  a  stratum  of  air 
downward  direction,  is,  that  the  heated  over  it,  rorty-four  times  as  thick  as  the 
particles  beintr  expandeil  are  rendered  water,  ten  degrees.  The  Count  enter- 
specifically  liu:hter  than  those  imme  tained  an  opinion  that  the  water  which 
(uately  above  them,  and  therefore  im-  imparts  its  heat,  and  which  descends, 
mediately  ascend,  without  having  had  in  consequence  of  its  increased  specific 
time  to  impart  heat  to  the  i)artieles  below,    gravity,  flows  towards  the  equator,  oc- 

Count  Rumfonl  also  endeavoured  to  casioning  a  current  at  the  surface,  in 
prove  that  the  irases  are  non-conduc-  an  opposite  direction ;  tending,  like  the 
tors  of  caloric :  the  truth  of  this  con-  currents  in  the  air,  to  moderate  the  ex- 
clusion, however,  is  not  admitted,  but  tremes  of  temperature. 
Uie  experiments  prove  that  whatever  It  is  impossible  to  consider  these,  and 
obstructs  the  motion  of  the  particles  similar  silent  and  unobtrusive,  but  ex- 
of  air,  renders  the  propagation  of  heat    tensive  and  most  useful  operations,  \iith- 

slower.  out  l)eing  deeply  affectea  by  a  sense  of 

The  facility  with  which  an  air  ther-  the  wisdom  and  power  by  which  they 

mometer  shews  chan^^s  of  tempera-  were  contrived  and  carried  into  effect 
ture,   was  adduced    by  BerthoUet,  to 

shew  that  air  must  be  a  ^od  conductor  Chaptxr  VI. 

of  heat ;  and  he  refers  to  the  fact  that  ^  j;^*.'«^  ^r  zr— # 

in  air-balloons  the  gas  has  been  found  JiaOiaiton  of  Heat. 

to  expand  suddenly  when  the  sun  be-  When   heated  bodies  are  exposed  to 
came  unclouded.      In  explaining  this  the  ah-,  they  lose  portions  of  tneir  heat 
effect,  it  appeared  toliim  impossible  that  by  projection,  in  right  lines  into  space, 
the  paiiicles  of  the    cas  within    the  from  all  parts  of  their  surfaces.    The 
balloon  could  be  so  (juickly  heated  by  investigations  by  which  this  interesting 
coniiiiir   individually   and    successively  property  of  caloric  has  been  made  fiilh 
into  contact  with  its  sides.    He  infers,  Known  are  of  recent  date,  ^though  it 
therefore,  tliat  the  heat  must  have  been  was  not  entirely  unknown  at  an  eaxiier 
conducted  by  the  jjas  itself.     He  ac-  period.    In  168*2  it  was  mentioned  by 
counts  for  the  effect  which,  it  is  acknow-  Marriotte,  in  the  Memoirs  of  the  Aca- 
ledged,  confined  air  has  in  retarding  the  demy  of  Sciences  of  Paris;  he  pointed 
communication  of  heat,  by  supposing:  it  o»t  the  fact,  that  the  heat  of  a  te, 
to  depenil  upon  a  deio'ce  of  compression  which  is  rendered  sensible  in  the  focus 
by  which  its  expansion  is  i)revented,  of  a  burning  mirror,  ceases  to  be  sensi- 
a  solution  not  very  satisfactory.  ble  when  a  glass  is  interposed.    Having 
It  has  iMjen  ascertained  by  Mr.  Leslie,  found  that  substances  may  be  inflamed 
that  bodies  reciuire   different  times  to  at  a  distance  of  twenty  or  twenty-four 
cool  in  different  pases.     In  hydroaren  feet,  by  burning  charcoal  placed  between 
the  process  of  cooling  iroes  on  rai)i(lly,  two    concave   reflectors,    Laiul)ert,  in 
not  so  quick  in  atniospliLiic  air,  and  order  to  ascertain  if  any  part  of  the 
much  slower  in  carbonic  acid  ixas.  effect  was  occasioned  by  light,  collect- 
In  describing  the  effects  i)roduced  by  ed  the  hght  of  a  clear  fire  by  a  large 
expansion,  the  ajrency  of  air  in  distri-  lens,  but  could  scarcely  discover  any 
butini;  heat  has  alrciuly  been  adveiied  heat  in  its  focus, 
to.    The  expansion  and  consecpient  as-         In  the  celebrated  Treatise    on  Air 
cension   of  successive  portions  of   air  and  Fire,  by  Scheele,   similar  experi- 
from  heated  ]):n'is  of  the  earth's  surface,  nicnts  are  detailed,  with  important  ad- 
occasions  a  euinnt  of  air  to  flow  from  dilions  ;  thetenn  Radiant  Heat,  or  heat 
the   p(»les  towards    llie  etiuator.  near  flyinu:  off  like  MkH  m  ray*,  originated 
the   surface  of  tlu^  e;LrtIi ;   a  superior  with  liini,  as  did  also  the  knowledge  that 
ciuTent  from  the  eciuaior  towards  the  it  passes  throuirh  the  air,  without  heat- 
poles,  modityinj^r  and  riiridaling  teinpe-  ing  it :    and   that  its  direction  is  not 
ure  over  the  ^rlobe.  chani::eil  l»y  a  current  of  air.     He  ob- 
»c  agency  of  water  ii  of  equal  im-  served  that  glass,  which  permits  thi 
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light  ct^tnto  put  through,  inter-  ton,  ofpoluhed  tin  plate,  one  ftot  in 

emtt  the  heat;    that  a  bum  mirror  diameter,  with  a  focal  leneth  of  four 

reflecti  the  hght  without  the  heat,  ah-  inches  and  a  half;   they  placed  these 

■orlung  the  latter;    while  a  metallic  twelve  feet  two    inches    distant,  and 

mirror  reflects  hoth  heat  and  light,  so  exactly  opposite  to  each  other.     In  the 

that  it  is  not  quickly  warmed,  unless  focus  of  one  reflector  they  placed  a  bail 

iti  muftce  be  blackened,  which  occa-  of  iron,  two  inches  in  diameter,  heated 

flons  it  to  absorb  the  heat.  so  as  not  to  appear  luminous  in  the  duk. 

The  experiments  of  Lambert  were  and  in  the  focus  of  the  other  they  placed 

r^ated,  and  varied  t>y  Saussure  and  the  ball  of  a  mercurial  Ihermometcr, 

Pietet.    Thev  used  two  concave  refleo-  ij!g.  10.)  The  ten^erature  of  the  tbcs 


mometer  be^an  to 
■a  the  ball  was  pui 
continued 


ir  the  plate  of  glass  mn  be  held  be* 
1  its  place,  and  tween  the  reflector  e,  ana  the  thenno- 
1°  of  Reaumur's  meter  d:  in  either  case  the  inatrumeot 
Id  in  six  minutes,  will  remain  unaffected.  An  air,  ordifli^ 
Lt  the  same  dis-     rential  thermometer,  (/*■.  3.  or  Jig.  7.) 


scale  to  141^,  wffich  it 
Another  thermompter,  i 

tance  from  the  heated  ball,  but  out  of  answers  much  better  for  tBisexpecimenb 

the  fbcus  of  the  reflector  rose  only  from  Whatever  hot  substance  may  t>e  used 

4"  to  6)°.  as  the  source  of  heat,  the  effect  is  the 

The  heated  ball  0,  (fig.  10,)  in  the  same,  and  is  always  in  proportion  to 

focus  of  one  reflector,  o,  projects  heat  the  temperature  of  the  body  used. 

fSrom  evety  part  of  its  surface  ;  those  Pietet  made  other  experiments,  some 

rays  that  proceed  towards  the  reflector  of  which  upproached  near  to  the  dis- 

are  intercepted  by  it,  and  in  consequence  coveiy  of  the  different  radiating  powers 

of  its  shape,  they  are  ag^iin  projected  of  different  surfaces.     When  he  used  a 

into  space,  in  straight  lines,  towards  f;lass  concave  mirror  behind  the  baD, 

the  other  reflector  e,  by  wtiich  they  are  instead  of  a  metallic  one,  veiv  little 

reflected,  and  brought  to  a  focus  at  the  effect  was  produced  upon  the  tbermo- 

point    where    the    thermometer    d    is  meter.      A  glass   plate    covered  with 

placed:    the  heat,  thus  accumulated,  amnlgam  on  one  Ride,  having  ita  coated 

affects   the  thermometer  d,  and  mukcs  part  presented  to  the  hot  btxly,  and  the 

it  rise.  uncoated  glass  surface  to  the  thenno- 

To   prove  that  the   Oiermometer   is  meter,   produced    the   effect    of    3.5; 

not  affected  by  heat  proceeding  directly  the  glass  surface  lieing  turned  to  tlw 

from  the  ball,  a  jilale  of  glass   may  be  hot  bodv,  and  the  metallic  surface  to- 

beld  between  it  and  the  reflector  b,  wards  tlie  thermometer,  tlie  effect  was 

which    will   prevent   any  eflect  from  only  ai  0.9.    When  the  metallic  side 

baiqfproduocd  upon  the  thennometer;  was  blackened  and  [veaented  to    the 
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heated  budy,   9/2  marked  the  heatini^  which  he  was  enabled  to  obtain  an  ini* 
power.      A.  stiH  p-ealcr  effect,  equal  to  movable  coloured  spectnim.   Inthedif- 
}H\  WHS  protluerd,  when  the  suifaee  of  ferent  coloured  rays,  of  which  this  spec- 
the  irlass,  next  to  the  souree  of  heat,  trum  is  composed,  he  suspended  aeli- 
was  blackened,    the  metallic    coatini;  cate  thermometers,  and  ascertained  their 
being  entirely  removed.  differt*nt  heatini^  powers  with  accuracy. 
Endeavourint;:  to  discover  the  velo-  Tlie  jijreatcst  heating  effect  was  pro- 
(uty    witli  which    radiant   heat  moaes  (hicxid  upon  a  thermometer,  when  its 
through  space,  Pictet  pi  .cihI  two  eon-  bulb  was  entirely  covered  by  the  red 
cave  nietnllic  reflectors  opposite  to  each  ray;  the  instruments  being  plaoBd  beyond 
other,  at  the  distance  of  sixty-nine  feet  the  red  ray,  in  the  space  where  Sir  W. 
apart :  he  interj^^swl  a  thick  scrwu,  a  Herschell  imagined  the  greatest  de^iree 
few  inches  distiint  from  the  focus  of  the  of  heat  to  exist,  the  rise  of  temperature 
mirror  in  which  the  he:iti>d  body  was  to  was  only  one-fifth  as  much  as  that  which 
l)e  placed,  and  an  air  thermometer  in  had  been  produced  within  the  red  rays, 
the  focus  of  the  other  mirror ;  tlie  ball.        The  same  pliilosopher  formed  a  prism 
heated  a  lit  tie  below  ii^iition,  beint>;  intro-  of  Iceland  spar,  which  divided  a  beam  of 
duiteil,  the  screen  was  removed,  and  in-  lifi^ht,  made  to  pass  through  it,  into  two 
stantly  the  thermometer  be^an  to  show  similar  coloured  spectra,  the  properties 
an    increase    of   temperature.     When  of  which  were  the  same  as  those  of  the 
the  screen  was   again  suddenly  inter-  s})eetrum  obtained  by  decomposing  light 
posed,  the  effect  protluced  upon  tlie  ther-  with  a  glass  prism, 
mometer  ceased  at  the  same  moment ;         He  also  )>olarized  a  portion  of  the 
from  which  experiments  he  inferreil  that  liirht  by  receiving  it  upon  glass;  this 
radiant  heat  moves  with  such  velocity,  polarized  portion  being  mterccpted  by  a 
as  to  retjuii-e  no  i)erceptible  interval  of  second  glass  which  was  made  to  revolve, 
time  to  enable  it  to  traverse  sixtv-nine  the  rays  were  then  collected  by  a  mirror, 
feet  of  space.     Sir  William  Herschel,  in  and  directetl  upon  a  thermometer,  and 
his  in  vest  illation  concerning  the  consti-  it  was  found  that  as  long  as  light  was 
tut  ion  of  tiie  sun's  rays,  found  that  the  reflected  from  the  second  glass,  tlie  tem- 
dillmMit  coloured  rays  of  the  prismatic  neratureof  the  thermometer  was  raised; 
sjuftrum  i)ro(luciHl  different  dejn't'es  of  but  when   the  position   of  tlie  second 
elfect  upon  a  tliermonieler.  the  red  occa-  glass  was  such,  that  all  the  light  was 
sioninu:  tlie  jneat est  rise  of  tem|)eralure,  transmitted,  the  whole  of  the  heat  was 
the  violet  the  least.    The  heat  of  the  red  transmitted  along  with  it,  a.s  the  ther- 
rays,  conipaivd  with  that  of  the  trie^^n,  mometer  ceased  then   to    be   affected, 
was  considereil  to  be  as  55  to  2ti,  and  The    experiments    and    discoveries   of 
with  that  of  the  violet  rays  as  55  to  hi.  Htaschell,  which  have  l>een  alluded  to. 
In  ten  minutes  a  thermometer,  i)laced  are  publishwi  in  the  Philosophical Trans- 
in  the  full  red  rays,  rose  7^  of  Fidnen-  actit)ns  for  1800,  as  were  also  the  ac- 
heit's  scale,  anil  beyond  the  reil  ray  the  counts   of   other    expeinments,   by  the 
increase,  in  the  saine  time,  appeared  to  same  i)hilosopher,  yet  to  be  mentioned, 
be  nine  degrees.      These  experiments        Having  asceilained,  from  the  pheno- 
were  repeated  and  verified  by   Sir  II.  mena  of  the  prismatic   siiectrum,  the 
En;;lefield.     He  discovereil  also  that  in-  refraction  of  the  heating  rays  accom- 
\isible  heating  rays  exist  beyond  the  panying  li^t  in   the  beam, 'he  deter- 
coloured  rays,  and  imagined  that  the  mineil  to  try  if  tlie  calorific  rays  pro- 
greatest  degree  of  heat  was  produced  ji*cted  from  a   heated  body  were  id$o 
at  the  distance  of  half  an  inch  beyond  subject  to  refraction.    He  placed  a  lens 
the  red  rays.     Other  philosoi)hers  have  near  to  a  burning  candle,  having  first 
confiniied  the  existence  of  these  invisible  intei-posed  a  screen,  with  an  aperture 
heating  rays,  but  M.  Berard  affirms  that  nearly  of  the  same  size  as  the  lens  ;  the 
the  gi"eatest  heating  effect  is  produced  rays  from  the  candle  passing  throueli 
within  the  red  ray.    The  cxiMjriments  of  this  aperture,  were  refi-acted  by  tlie  km* 
M.  Berard  on  tfie  sun's  rays,  {Annales  to  a  focus,  and  in  three  minutes  raise! 
de  Chimie,  March,  1^13,  and  Annals  of  the  temperature  of  a  thermometer  two 
Philosophy,  September,  1813)  were  con-  and  a  hsUf  degrees, 
ducted  with  the  aid  of  a  heliostate,*  by        Experiments  of  the  same  kind  weie 

■  made  upon  the  rays  projected  from  i 

*  From  two  Gre<>k  wordi  sipiifrio);  tii«  standing  COmmOU    fire.  Slid  from  a  DiaSS  of  irffl 

•f.7/  of  the  iimi  beca.|»^  by  .nacf.iiitry  the  iuuiKe  ^ot    Ollite   hcatcd   tO   redneSS,  aild  thw 
•I  the  ran  is  kept  •tatioaarr  upon  m  wall  or  Hhect  J.        j  *      i.     ^        n  •  .     /.    *■.! 

i  paper.  Were  found  to  be  equally  sulgict  to  VB 
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uiwft  of  rafraction.  A  remarkable  dif-  It  was  further  ascertained  by  Her- 
ference  however  was  discovered  between  schel,  that  the  different  coloured  rays 
the  radiant  heat  of  the  sun*8  rays  and  into  which  light  is  separated  by  the 
that  proceeding  from  a  fire,  the  former  prism,  pass  through  different  sub- 
passine  much  more  easily  through  a  stances  with  different  degrees  of  fticility ; 
f^lass  than  the  latter.  Two  equally  de-  that  the  invisible  calorific  rays,  when  se- 
Ueate  thermometers  were  exposed  to  the  parated  from  light,  pass  through  more 
rays  of  the  sun,  one  being  uncovered,  readily  than  when  accompanied  by  light ; 
and  the  other  covered  with  very  trans-  and  that  coloured  glass  intercepts 
parent  glass,  having  a  bluish  white  more  of  the  rays  than  colourless  glass. 
tinge  ;  in  five  minutes  the  temperature  The  differential  thermometer  invented 
of  the  uncovered  thermometer  was  by  Mr.  Leslie,  and  wliich  has  already 
raised  from  67^  to  73^,  and  the  covered  been  described  and  represented  (fig.  7,) 
one  from  67^  to  714^;  by  which  it  ap-  was  of  great  use  m  his  researches 
pears  that  one  fouxlh  part  of  the  ra-  on  radiant  heat.  The  apparatus  used 
diant  heat  falling  upon  the  thermo-  by  him  in  his  experiments,  consisted 
meters,  was'  intercepted  by  the  glass  of  the  above-named  thermometer,  a 
which  covered  one  oi  them.  When  the  highly-polished  concave  reflector  of 
thermometer  was  covered  with  flint  tinned  von,  and  hollow  cubes  of  tin, 
glass,  24  tenths  of  an  inch  thick,  the  from  three  to  ten  inches,  for  the  pur- 
uncovered  thermometer  rose  54°  in  pose  of  holding  hot  water.  One  of 
five  minutes,  and  the  covered  one  5°,  these  cubical  vessels,  filled  with  boiling 
BO  that  ffewer  of  the  rays  were  inter-  water,  being  placed  at  the  distance  of 
eepted  by  flint  glass,  than  by  the  glass  a  few  feet  from  the  reflector,  and  one 
used  in  the  first  experiment.  The  of  the  bulbs  of  the  differential  ther- 
thermometers  were  then  exposed,  under  mometer  in  the  focus  of  the  mirror  (fig 
the  same  circumstances,  to  the  rays  11),  an  instantaneous  rise  of  temperature 
of  a  ligfited  candle ;  in  five  minutes  is  indicated  by  the  instrument.  By  this 
the  one  which  was  covered  with  the  method  of  conducting  the  experiment, 
same  bluish  glass  used  in  tlic  first  ex-  great  facilities  are  anorded  fur  tr}'ing 
periment,  rose  from  594  to  601,  while  the  radiating  powers  of  different  sur- 
the  uncovered  one  rose  from  59|  to  faces.  Mr.  Leslie  covered  one  side  of 
6Si  :  in  this  last  experiment  more  than  a  six-inch  cubical  vessel  with  lamp- 
lialf  the  heating  rays  proceeding  from  black,  another  side  with  writing-paper, 
the  candle  were  stopped  by  the  glass  a  third  side  witli  glass,  and  left  the 
of  the  covered  thermometer.  A  similar  fourth  side  without  a  covering.  The 
effect  was  {iroduced  when  the  thermo-  vessel  being  filled  with  boiling  water, 
meter  was  covered  with  flint  glass.  It  and  its  black  side  being  turned  towards 
is  shown  by  these  experiments,  that  the  the  reflector,  the  fluid  in  the  thermo- 
heating  rays  which  accompany  the  sun's  meter,  which  was  placed  in  the  focus  of 
light,  are  able  to  pass  mroug;h  glass  the  reflector,  indicated  a  rise  of  tem- 
with  greater  ease,  than  the  heating  rays  perature  equal  to  1 00° :  the  papered 
which  proceed  from  a  burning  body.  side  being  presented  to  the  reflector  oc- 
Lest  the  results  of  the  forgoing  ex-  casioned  a  rise  of  98° ;  the  glass  side 
periments  should  have  been  anectad  by  90°;  and  the  metallic  side  only  12°: 
the  li^^t  accompanying  the  heat,  the  the  relative  radiating  powers  of  these 
experiments  were  varied  so  as  to  render  surfaces  being  as  the  numbers  ex- 
the  introduction  of  error  in  this  way  im-  pressing  the  effects  which  they  pro- 
possible.    Covered  and  uncovered  ther-  auced. 

mometers,  as  before,  were  exposed  to  The  reflecting  powers  of  different  sur- 
tlie  influence  of  the  invisible  heating  faces  were  also  tried  by  Mr.  Iicslie.  He 
ra^s  of  the  prismatic  spectrum ;  in  five  coated  the  ball  of  the  thermometer 
minutes  the  covered  one  rose  from  47°  placed  in  the  focus  of  the  refiector  with 
to  48|°,  and  the  uncovered  one  from  48°  tin  foil,  and  then  exposed  it  to  the  radiant 
to  49|.  When  the  fiint  glass  was  used,  lieat  of  the  blackened  surface ;  the  rise 
the  increase  of  temperature  indicated  by  of  temperature  produced,  instead  of 
both  thermometers  was  nearly  equal,  being  100°,  as  it  was  before  the  ball  was 
Experiments  were  also  tried  on  heat  coated  with  tin  foil,  amounted  only  to 
protected  from  bodies  not  luminous ;  20° ;  and  when  the  metallic  surface  cf 
wad  it  was  found  that  the  results  were  the  tin  vessel  was  turned  to  the  re- 
very  neaily  the  same  when  light  ¥rasab-  flector,  the  thermometer  increased  in 
■ent  u  when  it  was  present  temperature  only  24°»  instead  of  12°,  as 


in  ft  furmtT  eupcrimpnt.  Thus  it  is 
■bown  liial  the  nielallic  covcrini,'  of  the 
tall  reflects  Ihu  grtitest  poilion  of  hent 
tailing  upon  it.  and  therefon:  that  the 
teiii)>n«ture  of  the  iiistrumeat  cannot 
be  iiiiich  rai«-d. 

A  glass  mirror  1  ling  substituted  for 
Ihe  nietidlic  oiif,  iH:  '  an  micovKreil  llier- 
iiiiiiuetiT  nluoil  ill  its  fi:<ciis,  when  the 
lilick  siirlnct!  nf  Ihi-  cubital  vi-ssel  was 
presented,  so  little  of  thu  heat  was  re- 
flcelud  by  the  glass,  timt  the  Ihermo- 
meter  wm  aifecteil  in  n  very  small  dc- 
(irM ;  and  wlitm  the  mirror  was  covered 
with  a  tliin  contin(r  of  China  ink,  no 
perccplilile  cHfcct  was  produced  upon 
the  llKnnoiuuter.  all  tlie  lieat  being  ab- 
■iirl>v(l  by  the  blnckennl  ^kss.  But 
uhen  the  surface  of  the  mirror  was 
covei'ed  with  tin  foil,  the  thunnonieter 
nas  ten  tiincs  as  miich  afl'ected  as  it 
was  by  llu!  heat  inflected  thim  the  un- 
covcretl  class  mirror. 

It  will  apjwar  from  tlie  fiirc^ing  ex- 
iwrinwnls,  that  Iwdies  wliiuh  radiate 
livat  niost  elfeiiually.  ab-iiirii  it  in  Ibe 
same  proportion  ;  and  tlioite  which  are 
Ihe  \nfsi  roflb(1(>rs  of  heal  liave  the  leaxt 
radintint;  pywer. 

.Mr.  I^'slie  made  an  extensive  series 
i)f  cxiu'riiuunls  on  the  powers  of  ditl'a-- 
I'lll  biidivs  to  nilercfpt  railiant  caloric. 
A  friime  siuiihir  to  lliat  repivsetiti-d  iit 
fg.  Ill,  Iwinj;  iida]itiil  lo  receive  various 
substancV',  it  i%  platel,  when  each  siib- 
sUnec  i^  applied,  in  the  manner  of  a 
•ttTeen,  Ijctween  Ihe  tin  vessel  and  the 
ri'Ili'i'lor,  When  a  sheet  of  tin  foil  was 
aiiaclkcd  to  the  frame,  and  placed  at  the 


distance  of  two  inches  from  the  bUdi  | 
ened  surface  of  the  tin  canniiter,  BO 
effect  was  produced  on  the  Ihennamria  | 
in  the  focus  of  the  reflector ;  nor  «u 
the  result  at  aU  affected  by  altering  (be 
distance  of  the  screen  from  the  dn  ns- 
■el;  the  whole  of  the  heat  being  inter- 
cepted at  whatever  place  the  locn 
mii;ht  be  situated  between  the  source  at 
heat  and  the  thermometer.  The  same 
effect  was  produced  by  ^Id  leifi  al- 
thousrh  it  is  bOU  times  thinner  than  the 
tin  foil.  A  plate  of  g;Usi  bong  ints- 
posed  at  the  distance  of  two  inches  from 
the  tin  vessel,  the  thermometer  shemd 
an  increase  of  temperature  equal  to  Vfi, 
eicrhty  degrees  of  the  efiiect,  capabk  of 
being  produced  by  the  blackened  sur- 
face, being  intercepted.  The  rise  of  tcn- 
pcrature  when  paper  was  interposed  wu 
about  three  degrees  greater. 

Mr.  Leslie  explains  the  effect  result- 
ing Irom  radiant  heat,  by  an  hypothesii 
peculiar  to  himself.  He  t>elieves  air  to 
be  tlie  sole  agent  eoneemed  in  conveyme 
heat  in  these  experiments.  A  portion 
of  air  coming  into  contact  with  the  heal- 
ed surfaces  is  suddenly  expanded,  and 
communicates  the  impulse  which  isthui 
imparted  to  it,  alone  with  a  portion  of 
its  newly-accjuired  heat ;  and  tlic  par- 
ticles  continuing  to  be  thus  acted  npoc 
in  succession,  the  heat  is  convejid 
throui^i  space,  with  the  swiftness  of 
sound,  by  a  series  of  undulations  or 
wavering  motions  so  produced.  HwK 
undulations  b«iig  extended  to  the  mir 
ror,  they  are  reflected  and  broQi^t  to  a 
fbcus.    HecontmdathatwbiBgtaHV 


p^ier  ii  intcar^MiKcl,  the  cRect  prcduced 
upon  the  thermometei'  is  not  produced 
by  portions  of  radiant  heat  passing 
through  these  substances,  but  by  thu 
undulations  before  mentioned,  which 
convey  a  portion  of  the  heat  given  out 
from  Uk  tin  vessel;  and  the  screen  being 
heated  by  this  jiroceis,  it  also  gives  out 
heat,  occasioning  new  undulations  on 
the  side  nearest  to  the  reflector,  by  which 
heat  ia  conveyed  to  it,  and  finally  to  the 
bulh  of  the  thermometer  in  its  focua. 

This  view  of  the  subject  is  supported 
by  other  expoiments.  Mr.  I^sUe  found 
taat  when  a  thin  sheet  of  ice,  which  can- 
not have  its  temperature  raised,  was  in- 
terpoaed,  no  heat  was  imparted  to  the 
tbarmometer. 

Two  pane*  of  glass  were  coated  on 
one  side  with  tinfoU.  When  thqr  were 
both  placed  in  the  screen,  with  tiie  tin- 
foil inwards,  so  that  one  of  the  unco- 
vered surfaces  of  the  glass  was  next  the 
■ource  of  heat  and  the  other  towards 
the  reflector,  the  thermometer  was 
elevated  in  temperature  18°;  but  when 
the  plates  of  glass  were  so  placed  in  the 
■creea  aj  to  have  their  uncovered  sur- 
bces  inwards,  and  their  metallic  surfaces 
pMsenteS  to  the  cubical  vessel  and  the 
reflector,  no  etfect  whatever  was  pro- 
duced upon  the  tliermometer. 

Mr.  Leslie  contends,  that  since  the 
reiistance  opposed  to  the  passage  of 
rkdiant  heat  in  both  these  experiments 
wu  preciaely  the  same,  the  effect  must 
be  accounted  for  in  some  other  way 
than  by  Bupposing  a  portion  of  heat 
C^iable  of  passing  through.  In  the 
first  eiperiment  with  the  compound 
■ereen,  aurbcet  were  presented  which 
hftd  the  power  of  receivmg  and  emitting 
heat ;  the  screen  was  heated,  therefore, 
bv  tt^  undulatory  process,  and  the  heat 
wWi  was  emitted  was  conveyed  to  the 
leflector  in  the  same  way.  But  wlien 
the  metallic  surfaces  of  the  compound 
•creen  were  exposed,  heat  could  not  be 
received  readily,  and  if  it  had  been  re- 
cdved,  it  could  not  readily  have  been 
inpuled :  the  effecU  of  the  undulations 
could  not,  therefore,  extend  beyond  the 

It  is  not  necessary,  however,  to 
ftdopt  Mr.  Leslie's  theory  in  explaining 
tbece  experiments,  as  they  adnut  of  an 
equally  plausible  explanation    accord- 


ticle  to  particle;  especially  as  tlic  pro- 
pagation uf  heat  through  elastic  fluids 
IS  usually  so  slow.  This  theory  is  at 
variance  willi  the  results  obtained  t>y 
the  Bxueriments  of  Hersctiel  and  Be- 
ratd  It  IS  an  essential  part  of  the 
hypothesis  alluded  to,  that  these  pnlsa- 
tofv  iindulalions  are  incapable  of  exist- 
ing' in  a  vacuum,  and  conseijuently  that 
heat  canilot  pass  through  a  vacuum,  ai* 
its  proportion  depends  upon  the  agency 
of  air. 

The  experiments  of  MM.  Pulong 
and  Petit,  are  ho.slile  to  this  part  of  the 
theory,  the  overthrow  of  wliich  must 
destroy  the  whole ;  and  an  experiment 
of  Sir  H.  Davy,  now  to  l>e  described, 
seems  quite  aonclusive  against  it  A 
piece  of^  platinum-wire  was  heated  by 
voltaic  electricity  tvithin  a  rectnver 
(^g,l2,)  contaimng  concave  reflectors 
fig.  ]». 


HiKto  the  ' 
Admitting 


■  Uie  possiDUiiy  oi  uie  unuu-  uuua 

ippOMd  iy  Hr.  Leslie,  it  is  Mr. 

I  imagine  byvriut  agency  ca-  otben, 

mffaned  »  rundly  from  par-  nenti 


with  a  thermometer  jb  the  focus  of  one 
of  them,  the  heated  wire  being  in  the 
focus  of  the  other.  The  effect  was  first 
tried  in  air  of  the  natural  denmty, 
and  then  repealed  when  the  recriva- 
was  exhausted  to  lialh  part  of  what  it 
contained  before ;  the  temperature  of 
the  thermometer  was  three  times  as 
much  raised  when  the  receiver  was  thus 
exhausted,  as  when  it  contained  air  in 
its  natural  state.  A  similar  result  waa 
obtained  by  the  ignition  of  charcoal 
under  the  same  circumstances. 

Mr.    Leslie,    Count    Kumford,   and 

otben,  have  made  numerous  expeti- 

on  the  cooling  of  bocbes  oodv 


3-2  HEAT. 

diftiTont  circumstances,  illustrative  of  The  times  of  cooling  are  differait 

the  radiation  of  heat.  also,  according  to  the  degree  of  denn^ 

Count  Rumford  found  that  a  thermo-  of  the  ^as  in  which  a  body  is  immeneo, 

meter  suspended  in  a  Torricellian  vacu-  the    coolini;    proceeding  most    slowly 

um.reciuireil  ten  minutes  twelve  seconds  when  the  density  is  least.     Mr.  Leslie 

to  cool  IVom  190'^  of  Fahrenheit  to  SH*^.  ascrilws  the  dilwrent  rates  of  cooling 

When    surrounded    with    ntmosphenc  in  the  different  erases,  to  the  different 

air  confined  in    a  vessel,   having    the  conducting  powers  of  tliese  prases, 

same  extent  of  space  as  the  vacuum,  The    radiating    power    of   diiferent 

it  required    only  six    minutes    eleven  substances    in     atmospheric    air,   are 

seconds :   i)roving  that  the  air  facili-  stated  by   the    same    philosopher  as 

tates  refriireration.  follows. 

Two  hollow  tin  p:lohcs,  one  of  which  ui    u                                 S«f«Bdi 

was  painted  with  lamp-black,  and  tlie        l-amp-black 100 

other  left  briirht,  were  filled  with  warm        WnimK-paper 96 


Sealing-wax 95 

Crown-glaM 90 


water  and  exposed    by  Mr.  Leslie  to        ^.„„._ 

the  influence   of  Jiir,  in  different  states        rhJnn'THl     ik 

of  motion.    A  i^entle  breeze  occasioned        jce 83 

the  briirht  clolje  to  lose  half  its  heat        Red- lead '!!*.'!!!!''.".*!!'.'..'  *    W 

in  44  minutes,  the  painted  one  lost  the        Plumbago 75 

same  quantity  in  35  minutes.    Exposed        Isini^Iass 75 

to  a  stroni^  breeze,  the  times  of  cooling        Tarnished  ktad 45 

were  23  minutes  and  20i  minutes  ;  and        Clean  lead 19 

a  vehement  breeze  occasioned  them  to        '""**"»  l»olished 15 

cool  in   9i    minutes  and    9    minutes.        X*?"!^'*!? *, !? 

The  influence  of  currents  of  air  in  ac-        ^'^"'  »'*^*'''  *"^  <=^PP®' " 

celeratinij    the    cooling    of   bodies,  is        Several  important  suggestions  irisc 

clearly  shown  by  these  experiments.  from  a  review  of  the  doctrines  of  radiant 

Mr.  Leslie  filled  a  hofiow  globe  of  ^eat.    Whenever  it  is  necessary  to  the 

tin,  ha\nng  a  thermometer  inserted  in  complete  success  of  any  operaUon  that 

it  with  warm  water,  and  marked  its  <'^e  heat  of  a  fluid  should  be  retained 

time  of  cooling,  from  35°  of  the  centi-  for  a  considerable  lenirth  of  time,  the 

grade  scale  to  '25°  of  the  same  scale,  vessel  containing  that  fluid  should  have 

to  iHJ  150  minutes;    when  the  globe  bright  metallic  surfaces,  as  such  lur- 

was  covered  with  lamp-black,   it    re-  faces  have  least  radiating  power :  thus, 

quired  only  81    minutes   to  cool    the  water  in  bright  metallic  coffee  or  tea 

same  number  of  degrees.  Pots  will  be  more  effectual  in  extracting 

A  tin  vessel,  covered  with  a  thin  the  strength  of  tea  and  coffee  than  it 

coating  of  isinglass,   lost  its  heat  by  would  be  if  contained  in  vessels  of  any 

*iuliation   much -more  rapidly,  and  the  other  kind. 

rapidity  of  the  cooling  was  greater  in  In  heating  an  apartment  with 
proportion,  as  the  coating  of  isinglass  steam,  it  would  be  absurd  to  use  black 
was  thicker.  pipes  for  conve>in};  the  steam ;  be- 
When  heated  IxKiies  are  immersed  cause,  in  that  case,  much  ofits  heat  would 
in  water,  the  nature  of  their  surfaces  escape  by  radiation,  before  it  arrived 
does  not  affect  their  rates  of  cooling,  at  its  place  of  destination :  the  fupei 
because  radiation  does  not  take  place  should  he  of  bright  metaL  It  wouU 
under  the  surface  of  that  fluid.  be  eciually  absurd  to  make  the  pipes, 
Tlfe  times  of  cooling  heated  bodies  intended  to  distribute  heat  to  the  air 
was  found  to  be  different  in  different  of  the  apartment,  bright,  because  such 
gases.  Mr.  Dalton  shows  that  a  ther-  pipes  would  defeat  the  object  in  view 
mometer  immersed  in  hy    retaining  tlie    heat ;    black  pipes 

would  here  answer  the  best. 

Sec ondg.         Vessels  intended  to  receive  heat  in  the 

Carbonic  acid  pas,  (cooled  in)      1 1 2  operation  of  cookery  and  in  those  of  tlie 

Sulphunuodhvdrcjrenandni-l    ,qq  ^^^    ,hould  not  "be    bright,    because 

n,..«!.T!n*.*'"   ' ^    ^nn  l>"sht  surfaces  reflect  and  do  not  ab- 

Ulununt  jins* 100  Vu     <.  j-i.  i.  -i       j 

Common  air.  azotic,  and  oiy-1    ,^„  ^^^"^  5*^?* '  """l**  may  be  considtwi  u 

^•n  pij, , ^    '00  a  useful  i)roperty  of  the  fuel  which  we 

Nitrous  gas .  !.!!.!!!!!.*.....     90  generally  use,  that  it  blackens  the  sur- 

Coal  /^is 70  faces  of  metallic  vessels   in    hcatiz^ 

Itydro^u  • 40  \Xwnx. 
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B  properties  of  different  colours  in  sequently,  the  temperature  of  the  thcr- 

bing,  reflecting,  and  radiating  heat  mometer  is  reduced. 

fell  worthy  of  attention  in  regu- 

our  summer  and  winter  clothing^.  Phaptwp  VII 

dark  colours  have  been  proved  by  chapter  v  ii. 

heat  in  «  much  greater  degree  ^«P<«»ft«  »/  Bodies/or  Heat. 
the  lighter  colours,  it  does  not  Thk  first  experiments  in  the  investi- 
advisable  to  use  dark-coloured  gation  of  this  subject  were  made  by 
»s,  particularly  black,  as  summer  Falu^nheit,  at  the  desire  of  Boerhaave. 
ng,  on  account  of  the  power  that  Equal  quantities  of  the  same  fluid,  such 
dark  colours  have  of  absorbing  as  water,  oil,  or  alcohol,  being  mingled 
.»at  of  the  sun's  rays.  Since  those  together  at  difibrent  temperatures,  a 
res  that  absorb  heat  most  abun-  common  temperature  resulted ;  half  the 
',  also  radiate  most  freely,  the  excess  of  heat  contained  in  one  portion 
iety  of  using  dark-coloured  clothes  being  speedily  imparted  to  the  other, 
nter,  may  admit  of  being  ques-  until  both  became  hot  alike :  but,  when 
L  fluids  of  different  kinds  were  mingled 
instead  of  the  heated  body  in  the  together,  at  difierent  temperatures,  very 
ijement  shown  at  fig,  1 0,  we  sub-  different  effects  were  observed.  Water 
;  a  mass  of  ice,  the  effect  will  be  and  quicksilver,  in  equal  bulks,  addc^ 
verse  of  what  it  was  before,  the  to  each  other,  the  water  being  hottest, 
rature  of  the  thermometer  being  gave  a  mixture,  the  heat  of  which  was 
y  reduced  :  this  used  to  be  called  higher  than  the  medium  between  the 
diation  of  cold,  and  was  ascribed  two :  when  the  quicksilver  was  most 
effect  of  A /n'gorific  or  cooling  heated  before  mixture,  the  resulting  tem- 
ple, the  existence  of  which  has  perature  was  lower  than  the  medium, 
teased  to  be  believed.  Consider-  Three  parts  by  volume  of  quicksilver 
lifficulty  has,  however,  been  ex-  mixed  with  two  of  water,  at  different 
ced  in  giving  a  perfectly  satisfac-  temperatures,  gave  a  mean  temperature ; 
explanation  of  tliis  remarkable  as  when  equal  volumes  of  water  heated 
menon.  Mr.  Leslie  exphiins  it  in  to  different  degrees  are  mixed  together, 
lance  with  his  theorj'  of  pulsatory  Boerhaave  judged  from  these  experi- 
itions  in  the  air,  by  supposing  ments  that  heat  is  not  distributed 
portion  of  heat  Ixnng  abstracted  through  bodies  in  proportion  to  their 
I  cold  body  from  the  air  nearest  Quantity  of  matter,  smce  the  effect  pro- 
the  air  so  cooled  is  suddenly  con-  duced  by  a  quantity  of  mercury  in 
i,  which  occasions  the  com-  raising  temperature  is  considerably  less 
ment  of  a  series  of  pulsations  than  that  of  the  same  bulk  of  water, 
panied  with  a  discharge  of  heat  although  the  former  is  thirteen  times 
cold  surface.  Explanations  in-  heavier  than  the  latter. 
1  to  agree  with  the  usual  theory  of  Another  inference  was  most  inaccu- 
t  heat  have  been  given  by  Pictet,  rately  drawn,  by  Boerhaave,  from  these 
st,  and  Martin.  The  prevailing  experiments.  Convinced  that  heat  is 
n  is,  that  the  phenomenon  may  not  distributed  among  different  bodies 
►lained  by  supposing  that  it  arises  in  proportion  to  the  quantity  of  matter 
radiation  of  heat  in  an  opposite  in  each,  he  concluded,  in  opposition  to 
on ;  the  thermometer  m  this  the  very  experiments  from  which  he 
eingthe  hotter  body.  •  Bodies  ex-  drew  the  conclusion,  that  heat  is  distri- 
to  the  air  are  all  supposed  to  ra-  buted  in  proportion  to  the  space  occu- 
heat,  at  whatever  temperatures  pied  by  eacn  body ;  and  the  same 
lay  be ;  and  their  temperatures  are  opinion  was  adopted,  ^%ithout  examina- 
when  they  receive  more  than  they  tion,  by  Muschenbroeck. 
;,  and  depressed  when  they  radi-  The  labours  of  Black,  Wilcke,  Irvine, 
►re  than  they  receive.  Both  the  ice  Crawford,  Lavoisier,  Gadolin,  and  other 
e  thermometer  radiate  towards  the  philosophers,  were  applied  to  this  difii- 
ors,  before  which  they  are  placed ;  cult  department  of  science,  and  the  re- 
le  temperature  of  the  ice  being  suit  obtained  tended  to  prove  that  equal 
than  that  of  the  thermometer,  weights  or  volumes  of  different  bodies 
ates  less  towards  the  thermome-  contain  unequal  (\\i^xv\iVve&  o^  q^Avstnr.  ^ 
Eui  that  does  towards  the  ice;  con-  any  given  lem\v«rel\iT^. 
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The  experiments  by  whidi  this  has  f)und  diffi?rnit.   water  requires  more 

usually  been  determined,  are  similar  to  than  twice  as  much  caloric  to  raise  its 

those  already  mentioned.  Equal  portions  temperatureanvgiven  numbcrofd^|;raes, 

of  the  same  fluid  at  different  tempera-  as  the  same  voliune  of  aeroury  requires, 
tures  being  mingled  together,  tlie  mean        A  variety  of  di£Bereiit  methods  have 

temperature    results ;    but   when    two  been  used  for  the  purpose  of  ascertain- 

bodies  of  different  kinds  are  used,  the  ing  the  capacities  of  bodies,  by  ftidiiif? 

resulting  temperature  is  never  the  mean  the  comparative  c|uantlties   of  caloric 

between  the  two ;  as,  when  a  pound  of  which  they  contain  at   diffierent  tem- 

water  heated  to  156°  is  mixed  with  one  peratures.    The  method  of  Wilcke,  who 

pound  of  quicksilver  at  40*^,  the  tem-  operated  on  solid  substances,  was  to 

perature  produced  is  152°  instead  of  9d°,  suspend   given   weights   of   them,  by 

the  exact  mean.  threads,  in  trailing  water,  until  they  ac- 

In  this  experiment  the  water  loses  quired    the    same   temperature;   they 

four  dei^rees  of  temperature,  and  the  were  then  suspended  in  cold  wator,  and 

quicksilver    gains    one    hundred    and  the  quantity  ofheat  imparted  to  the  water 

twelve  degrees ;   by  which  it  is  proved  carefully  calculated, 
that  the  quantity  of  caloric  which  is        It  also  occurred  to  him  that  the  s})e- 

capable  of  raising  one  pound  of  c]uick-  cific  heat  or  comparative  quantities  of 

silver  from  40°  to  152°  is  the  same  as  caloric  existing  in  bodies  at  given  tem- 

that  which  is    required    to  raise  one  peratures,  mi^t  be  ascertained  bv  the 

pound  of  water  from  152°  to  156°;  or,  in  quantities  of  ice  or   snow  capable  of 

other  words,  that  the  same  quantity  of  being  melted  by  each ;  Init  thb  method 

heat  which  raises  the  temperature  of  proved  unsatisfactory,  chiefly  on  account 

one  pound  of  water  four  degrees,  raises  of  the  great  difiiculty  in  determining  how 

the  same    weight    of   quicksilver  one  much  of  the  water  produced  remained 

hundred  and  twelve  degrees.     On  this  adhering  to  the  unmelted  portions  of  ice 

account  it  is  said  that  the  capacity  of  or  snow. 

water  for  heat  is  to  the  capacity  of       An  instrument  called  ti  Calorimeter 

quicksilver  for  the  same,  as  28  to  1 .  was  invented,  and  used  in  similar  inves- 

Tlic  experiment  tieing   reversed    by  tigations,  by  Lavoisier  and  La  Place 

mixing  one  pound  of  quicksilver,  heated  In  tliis  instrument  there  are  three  ves- 

to  156°,  with  one  pound  of  water  at  40°,  sels  within  one  another,  the  innermost 

the  resulting  temperature  will  be  44°;  of  whicli    a,     {fig.    13)    is    of   open 

the  water  acquiring  an  increase  of  4°,  wire-work,  and  is  for  holding  the  body 

while  the  nuicksilver  loses  112°.  on  which  experiments  are  to  be  made': 

A  pound  of  gold  heated  to  150°  was  it  is  figured  upon  a  larger  scale  at  a  '2: 

quickly  added  to  a  pound  of  water  at  it  rests  upon  bars  of  iron,  which  com- 

50°,  by  Dr.  Black ;  the  temperature  of  municate  with  the  interior  of  the  middle 

the  wnole  became  55°,  the  gold  losing  vessel  b :   into   this    vessel  the  ice  is 

95°  and  the  water  gaining  5°,  making  put^  broken  smtdl,  that  it  may  be  more 

the  capacity  of  the  gold,  compared  with  readily  acted  upon  by  the  heat  of  the 

that  of  the  water,  as  1  to  19.  body  placed  in  the  interior  cage;  the 

The  ^neral  rule  given  for  finding,  by  water  produced  passes  through  a  grating 

calculation  combined  with  experiment,  at  the  bottom,  and  is  conveyed  by  the 

the  relative  capacities  of  different  bodies  pipe  d  into  a  vessel  e  placed  to  receive 

is  as  follows :—  it    The  third  vessel  e  is  intended  to 

'*  Multiply  the  weight  of  each  body  by  hold  ice  and  water,  to  prevent  the  tem- 

the  number  of  degrees  between  its  origi-  perature  of  the  atmosphere  from  afiBed- 

nal  temperature  and  the  common  tem-  ing  the  experiment  by  surrounding  the 

perature  obtained    by    their    mixture:  ice  to  be  operated  upon  by  a  temperature 

the  capacities  of  the  Ixxlies  will  be  in-  of  32°.    Tnecage  has  its  own  cover/; 

versely  as  the  products.'*       Or,  if  the  and,  in  addition,  the  whole  apparatus  is 

bodies  Ixi  mingled  in  unequal  quantities,  furnished  with  a  double  cover  g^  c^m- 

"  the  capacities  of  the   oodles  will  be  ble  of  holding  pounded  ice. 
reciprocally  as  the  quantities  of  matter        Tlie  instrument   being    prepared,  a 

multiplied  into  their  respective  changes  heated  body,  the  temperature  of  which 

of  temperature."  is  ascertained,    is   put  into  the  cage. 

If  we  compare  the  quantities  ofcalo-  where  it  remains  until  it  is  cooled  to 

ric  which  are  necessary  to  raise  equal  32° ;  the  heat  given  out  by  the  tiody  if 

''olumes  of  diiierent  substances  to  any  then  estimated  by  the  quantity  of  water 

'C/j   femperafure,   they  will  also  w  pTod>xett\. 


According  to  I^avoisier  tin<i  La  /lace, 
as  much  hitX  is  absorbed  by  one  pound 
of  ice  in  mettin^,  tts  would  raise  tlip 
tempemture  of  the  same  weight  of  water 
I3S*  of  Fahrenheit's  scale.  By  nmnw- 
OU9  experiments  with  this  apparatus, 
they  ucertBJned  the  ccmparative  quan- 
tities of  caloric  evolved  by  different 
bodies  in  passing  from  one  temperature 
to  another,  t>y  which  the  comparative 
quantities  contained   Vi'ere  also  made 

When  a.  liquid  was  operated  upon,  it 
was  put  into  a  class  mattraas,  allow- 
ance being  made  for  the  eStets  of 
the  glass,  and  suspended  in  the  wire 
cage ;  and  when  gases  were  subjected  to 
expeiiment,  they  were  made  to  pass 
tlirou^  a.  spiral  tutie  enclosed  within 
the  wire  cage,  the  tulie  being  furnished 
with  a  thermometer  at  each  end. 

To  prevent  the  contents  of  the  outer 
vessel  firom  being  frozen  in  experiments 
made  with  this  apparatus,  it  is  neces- 
sary that  the  temperature  of  the  exto'- 
nal  air  should  lie  a  little  above  32^ ;  for, 
if  the  outtf  vessel  should  be  cooled  be- 
low that  point,  it  would  absorb  heat 
from  the  Riiddle  vessel,  and  thus  inter- 


fere with  the  result  of  the  expemnent ; 
hut  the  temperature  should  not  be  more 
than  ten  or  twelve  degrees  higher  tlian 
the  tieezing  point;  for,  in  that  case,  the 
air  within  tlie  apparatus  being  heavier 
thiin  the  extern^  air,  it  would  descend 
and  escape  by  the  water-tube  at  the  bot- 
tom, occasioning  a  current  of  air  to 
pass  through  the  instrument,  which 
would  melt  a  portion  of  the  ice,  inde- 
pendently of  the  heat  intended  to  melt 

Mr.  Wedgewood  pointed  out  two 
sources  of  inaccuracy  m  the  use  of  thi* 
apparatus  ;  one  of  which  arisen  from  ■ 
portion  of  the  water  produced  by  the 
melting  of  the  ice  t>eing  retained  by  <m- 
pillaiy  attraction,  among  the  pores  of 
the  unmelted  ice,  making  the  quanti^ 
obtained  less  than  it  ought  to  be. 
Endeavouring  to  remedy  this  source 
of  error,  Lavoisier  and  La  Place  ex- 
posed the  pounded  ice,  for  some  time, 
to  the  atmoaphere,  before  the  experi- 
ment tiegan,  that  the  porei  might  be 
filled  with  water.  It  was  also  shown 
t>y  Wedgewood,  that  while  the  prooeaa 
of  thawuig  is  (toing  otv  m  Aiw  -vi^i^fBi 
part  ot  ttie  mv^iOe  \msA,  \V«  ^vA«.x 
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fi-eezes  ai^ain  while  filtrating;  through  the  refaction,  by  which  the  resultfl  .obtaiaetl 

ice  in  the  lower  part  of  it ;  a  eireiini-  would  be  materially  affected.     It  alw> 

stance  very  unfavoural)le  to  the  accu-  appeared  to  M.  Gay  Lussac,  that  some 

racy  of  the  experiment.  unknown    circumstances    must    have 

tt  occurred  to  Meyer,  that  the  com-  misled  Mr.  Leslie  in  judging  of  his  ex- 

parative  quantities  of  caloric  existing:  in  periments,    since    similar  experiments 

bodies  may  he  ascertained,  b^  marking  made  with  great  care  by  the  French 

the  times  wtiich  equal  c^uantities  of  them  philosopher  gave  different  results.    Mr. 

require  to  cool  a  certain  numl)er  of  de-  Leslie  inferred,  from  the  experiments 

grees,  accounting  their  capacities  to  be  alluded  to,  that  the  specific  heats  of  hy- 

as  these  times,  estimated  by  the  volume ;  drogen  gas  and  common  air,  in  eqiial 

or,  if  divided  by  the  specific  gravity  of  volumes,  are  the  same.     Gay  Lussac, 

the  substance,  giving  the  capacity  as  in  operating  upon  these  elastic  fluids 

estimated  bv  the  weight.    Tliis  plan  has  according  to  Mr.  Leslie's  method,  ob- 

been  used  oy  Leslie  and  D  alt  on,  who  served  a  considerable  difference  in  the 

consider  it  less  liable  to  objection  than  effects  produced  upon  them ;  and,mth- 

any  of  the  preceding,  although  it  might  out    coming  to    a   positive    decision, 

easily  be  shown  that  its  accuracy  is  very  thought  there  is  reason  to  conclude, 

doubtful.  that  the  specific  heat  of  etfial  volumes 

Great  difficulties  are  opposed  to  the  of  the  different  ^ases  is  inversely  as 

investigation  of  the  comparative  nuan-  their  specific  gravity ;  and  of  the  same 

tities    of  caloric  belonging  to    elastic  gas  directly  as  its  density, 
fluids  at  different  temj^eratures.      The        For  the  purpose  of  determining  the 

method  by  which  this  investigation  has  specific   heats   of   elastic  fluids,  Gay 

been    must   frequently  pursued,  is  to  Lussac  contrived  that  a  hot  current  A 

watch  the  degrees  of  heat  imparted,  by  one  gas  should  meet  a  cold  current  of 

given  portions  of  these  clastic  fluids,  another  gas,  in  the  centre  of  a  smsD 

cooling  through  a  certain  range  of  tem-  reservoir    containing  a  thermometer : 

peratui-e  ;    and,    notwithstanding    the  the  temperature  of  the   mixture  wis 

difficulties  alluded  to.  Dr.  Crawford  is  then  ascertained ;  and  knowing  also  the 

believed  to  have  made  near  approxima-  temperature  of  each  biefore  they  were 

tions  to  truth,  in  his  numerous  delicate  permitted  to  mix,  it  was  easy  to  infier 

and  ingenious  expenmciits.  the  ratio  between  their  respective  spc- 

Mr.  Leslie  proposed  to  ascertain  the  cific  heats, 
capacities  of  elastic  fluids  by  the  follow-        The  capacities  of  numerous  gaseous 

ing  method : — ^The  capacities  of  elastic  bodies  have  been  calculated  by  Mr. 

fluids  for  heat  being  increased  by  ra-  Dalton  upon  a  plan  peculiar  to  hunself, 

refaction,   he  proi)osed  to    exhaust  a  and  which  is  founded  upon  the  supposi- 

receiver,  by  the  air-pump,  of  a  portion  tion  that  the  ultimate  particles  of  ail  elas- 

of  its  uir ;  the  receiver  having  a  delicate  tic  fluids  contain  the  same  quantity  of 

thermometer  suspended  within  it,  and  heat  under  the  same  pressure  and  tempe- 

tlie  apparatus  being  allowed  to  acquire  rature.    The  following  Tablk  gives  ms 

the  temperature  of  the  room,  more  air  results : — 

is  admitted,  which  occasioning  the  con-  ,,    .  «  •oo 

densation  of  tlie  rarefied  air.  its  capacity  "^^i^c^^m^" l  86« 

is  reduced,  and  heat  consequently  set  Afmospheric'aVr';.';;:!:;;;;;:::;  liiss 

free.     By  repeating  the  expenment  se-  Ammonia 1 .555 

veral  times,  with  common  air,  and  then  Olcflant  gas !  .555 

by  comparing  the  effect  produced  upon  Oxygen !..!!..   I.S.IS 

other  gases,  with  tliat  produced  upon  Carburetted  hydrogen. 1  .M? 

common  air,  Mr.  Leslie  thinks  that  the  Aqueous  vapour 1 .  ITiA 

capacities  of  elastic  bodies  in  general  Vapour  of  ether O.HJj* 

might  be   ascertained.     This  plan  has  Nitrous  eas 0.777 

been  strongly  objecteil  to  by  M.  Gay  2***^*  "'  5",^°?  •; ^"^ 

Lussac,  who  believes  it  to  be  incapable  J*P^"'  *^'  "**^;?^°* <>*f 

of  aiccuracy.  nI  K^.^  "^  *'^**'''^" 2<t 

U-'      /.  ..  ■         4       /•  NUrous  oxide  eas 0.5411 

api)e;u-s  from  Uie  expenments  of  Vapour  of  nitriVacid 0.491 

the  last-named  philosopher,  that  a  jmrt  Carbonic  acid  ...  0  iJl 

of  the  heat  in  Air.  Leslie's  process  is  Muriatic  acid  ....!..'.'...'!!".!.'!  o.4ii 
deiived  from  the  gas  that  is  permitted 
to  enter  into  the  receiver  after  U\e  ta-        Betard  and  Delaroche  caused  a  uni- 
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Rrnn  current  of  any  f^tts,  the  speciBc  sidered  as  an  unifonn  loiirce  of  heat, 
heat  of  which  was  tu  b^  ascertained,  to  and  the  water  in  the  cylinder  as  the 
isaue  from  a  gasometer,  and  pasa  body  heated.  Of  course,  if  we  repeat 
throuKh  a  pipe  forty  inches  long,  which  the  aame  experiment  upon  each  of  the 
was  inclosed  in  a  lar;^  pipe,  con-  tfases,  each  current  will  raise  the  tern- 
■tantly  filled  with  (he  steam  or  boiling  perature  of  the  cylinder  to  a  fixed  point, 
water,  liy  which  it  was  heated;  and  its  where  it  will  remain  stationary:  and  it 
temperature  t>eing  determined,  it  was  follows  from  the  principles  announc^ 
made  to  pass  slowly  through  a  spiral  above,  that,  reckonin);  fW>m  this  point, 
tube,  immersed  in  a  quantity  of  cold  the  excess  of  the  temperature  of  th« 
water ;  the  cylindrical  vessel  contain-  cylinder  above  that  of  the  ambient  air, 
in^  the  water,  and  the  spiral  tube,  will  be  proportional  to  the  quantity  of 
being  called  the  calorimeter.  When  heat  ftiven  out  by  the  current  of  mm 
the  gas  issued  from  this  tube,  its  tem-  that  passed  through  the  cylin^. 
posture  waa  indicated  \iy  a  thermo-  Hence,  we  shall  ol)tam  liy  this  method, 
meter  at  the  extremity,  to  be  always  with  gniat  exactness,  the  relative  spe- 
the  same  as  the  water  in  the  c^ori-  citic  heats  of  the  gases  sut^ected  to  uiis 
meter ;  and  the  specific  heat  of  the  gas  kind  of  experiment.  There  are  like- 
operated  upon  was  judf!^  of  by  the  de-  wise  two  methods  of  comparing  them 
gree  of  heat  which  it  imparted  to  the  with  water.  The  first  consists  in  sub- 
water  in  being  cooled  to  tne  same  tem-  jecting  the  cylinder  which  we  call  the 
perature.  calorimeter  to  the  action  of  a  current  of 
An  extract  from  a  translation  of  the  water,  perfectly  regular,  and  so  slow 
memoir  in  which  the  researches  alluded  that  it  will  hardly  produce  a  greater 
to  were  made  known,  will  assist  in  effect  than  the  current  of  the  different 
giving  a  clear  idea  of  the  methods  by  gases.  The  second  method  consists  in 
which  Berard  and  Delaroche  estimated  determining  by  calculation  the  real 
the  specific  heats  of  different  gases,  quantity  of  heat  which  the  calorimeter. 
Speaking  of  their  calorimeter,  they  say,  come  to  its  stationary  temperature,  can 
"Now,  let  us  conceive  a  thin  copper  lose  in  a  given  time ;  for  since,  after  it 
cylinder,  six  inches  long,  and  three  in  reaches  this  point,  it  does  not  become 
diameter,  filled  with  distilled  water,  hotter,  though  the  source  of  hea'.  con> 
and  traversed  by  a  serpentine  of  about  tinues  to  be  applied  to  it,  it  is  evident 
five  feet  in  length,  forming  eight  spiral  tliat  it  loses  as  much  heat  as  it  re- 
tumings,  the  two  ends  of  which  open  ceives."  Annaii  qf  Philosophy,  vol.  iL 
without  the  vessel,  the  one  at  the  top  page  1212. 

u)d  the   other  at  the  bottom.     If  we  The  ingenious  and  delicate  arranga- 

make  a  r^ilar  current  of  gas  traverse  mi'nt  usm  by  Delnroche   and  Berard 

this   serpentine,   maintuned  before  its  in  the   ex]>enments,    is   shown   at  Jhf^ 

entrance  at  an  elevated  and  constant  14:  a  is  the  vessel  for  containing  tba 

temperature,  this  current  may  be  con-  ^ater,   so  contrived,  that  an  uniform 
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supply  is  made  lo  pass  tlirough  the  Water  (compotod  of  0.87  oiygcn  and  0.18 

sv][)n6n  tul>e  A,  into  the  funnel  c,  and  hydrogen). 

thence   into  the  tube  d,  which  is  en-  !«»  specific  heat  by  calculation  ...  O.BWS 

closed  in  a  larger  one   supplied  with     ^X  experiment    I.OOOI 

steam  from  the  furnace  /:  the  water,  By  which  it  appears,  that  the  specific 

passing  throiu^h  the  tul>e  f^^  imparts  its  heat  of   the  constituents  of   water  is 

temperature  to  the  thermometers  placed  increased  by  their  combination, 

in  it ;  it  then  enters  at  the  bottom  of  The  specific  heat  of  oxygen  compared 

the  calorimeter  A,  and  traversing  the  with  that  of  water  is  0.2361 ;   tliat  of 

spir^  tul)e  passes  out  by  the  tuue  o,  carbonic  acid  being  0.2210^^1,  parts 

and  drops  into  the  graduated  tube  p.  less  than  that  of  oxygen.     "  Let  us  sup- 

The   results  obtained  by  Delaroche  pose  a  pound  of  charcoal   consumed, 

and  Berard  are  contained  in  the  follow  From  Lavoisier's  ex|)erinients,  it  apjieais 

ing  Table,  the  specific  heat  of  atmos-  that  the  heat  evolved  is  sufficient  tu 

pheric  air  being  considered  1.000 : —  melt  Oe^lbs.  of  ice.    Now,  this  (suppDs- 

ing  Mr.  Cavendish's   estimate  correal) 

Koual       Equal      Sperifio  jg   equal  to    1.30271   degrees   of   lieat. 

^ol^.„«.   wcght.,.  Gravity,  r^p               consimetf   amounts    to 

A/r- i-2?22  ,i-2?!!?    i-2222  28lbs.nearly;sothateachlb.  ofoxyu'en, 

Ilydrog^en..         0-9?3S  12.J  01     0.0782  when  changed  into  carbonic  acid,  must 

Carbonic  acid       I.2.i83    0.H?80     I.5I9B  u     ^  ^     ^  ^tv  ntno  j.,.,...^.^.      u..^  » 

Oxygen 0.97G5    0.88*9     1.I0S6  have  given  off  3428  d^rees.     Here  a 

Azote 1 .  0000    1 . 0  ^  I H    0  ORl)  1  change  m  the  specific  lieat  amounhni? 

Oxideorazotc       1.850S    0.8878     1.5209  only  to  T«»,or  notqmte  ,S  of  thewhoK 

defiant  gas..     1  s^SO     1.57r.8    0.9885  occasioned  the  escape  of  3428  degree*. 

Carbonic  oxide     1  .OStO     1 .0805    0.9569  Such  a  conclusion  can  only  l)e  adored, 

if  we  suppose  the  absolute  quantity  of 
The  specific  heats  of  the  gases  in-  heat  in  the  oxygen  ^s  to  amount  to 
eluded  m  the  foregoing  table  beinff  147.404  degrees.  Tliis  supposition  ex- 
each  compared  with  that  of  an  equ^  ceeds  the  estimate  of  Dr.  Crawford 
weight  of  water,  tlie  following  numbers  nearly  1 00  times ;  and  it  is  more  than 
are  obtained : —  ten  tunes  greater  than  that  adopted  t)y 

Dalton.      No  person  can  believe  that 

Oxygen 0.2.861  oxyicen  gas  contains  so  much  heat    Of 

A«oto   0.2754  course,  the  supposition  tliat  the  heat 

T\  *'*' \  '^^^S  evolved  during  combustion  is  owing  to 

i-**. ,„SSo  a  change  of  capacity  merely,  cannot  be 

{L^r1;oTcVd3::.\\::::\\-::::::^  ^f-^-^.  ifhLii  afliid  itmu^ 

Oxide  of  Azote  0.2869  «"*?»•.  "^^0  chemical  combination  v^ith 

Oleftant  gas 0. 1207  certain  bodies ;  and  the  decompositaon of 

Carbonic  oxide    0.2884  these  bodies  must  l)e  the  cause  of  heat 

Aqueous  vapour 0.8  47Q^  evolved  during  combustion."     Annalt 

of  Philosophy,  Dec.  1813. 

With    tlie    exception    of    hydrogen,  Ex|)eriments    have    frequently   been 

which  has  a  greater  degree  of*^  specific  made  to  ascertain  specific  heats  oy  sus- 

heat  than  any  otlicr  body,  all  tlie  gases  jiending  bodies  heated  to  a  given  degree 

mentioned  in  the  preceding  table  have  m   a  cool  and  uniform  medium,  until 

less  specific  heat  man  water,  and  more  their  temperature  descends   through  a 

than  any  of  the  metals.  certain  part  of  the  thennometric  range. 

The  results  of  these  experiments  are  mai-king  the  times  which  diflTerent  sub- 
hostile  to  the  theory  invented  by  Irvine,  stances  require  to  cool  the  same  number 
adoptedby  Crawford,  Leslie,  and  others,  of  degrees,  all  of  them  being  exposed 
that  the  evolution  of  heat,  when  bodies  under  the  very  same  circumstances ; 
combine  together,  lu-ises  from  a  di-  their  specific  heats  are  considered  to  be 
minution  of  the  sjiecific  heat  of  the  directly  as  the  times  of  their  cooUng. 
bodies  combined.  C)ne  of  their  strong-  The  method  by  which  Dulong  and 
est  anruments  against  this  theory  is  Petit  ascertained  the  specific  heats  of 
derivetl  from  a  comparison  of  the  sjie-  metals  was  by  reducing  them  to  very  fine 
cific  heat  of  water  obtained  \ry  experi-  filings,  which  were  close  pressed  into  a 
meiit  with  tliat  of  the  constituent  parts,  thin  and  small  cylindrical  vessel  of  sU- 
deduced  by  calculation,  which  they  state  ver,  having  the  bulb  of  a  thermometer 
as  follows :  in  its  axis,  the  vessel  containing  about 
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460  gnuns  of  the  substance,  heated  to  quantity  to  inflame  tinder ;  and  if  the 

about  12^  of  Fahrenheit  above  the  sur-  condensation  be  efibcted  in  a  ^lass  tube 

rounding  air,  was  suspended  in  the  cen-  in  a  dark  place,  a  flash  of  Ugnt  may  be 

tre  of  a  vessel  which  was  blackened  on  seen  at  the  same  time, 

the  inside,  and  exhausted  of  air,  to  make  Supposing  caloric  to  consist  of  mate- 

the  cooling  slower ;  the  time  required  rial  articles,  the  tendency  of  which  is  - 

being  generally  about  15  minutes,  al-  to  dimise  themselves  equally  over  space, 

though  the  exhausted  vessel  was  sur-  it  seems  natural  that  they  should  be 

rounded  with  melting  ice.  introduced    in    largest    quantity    into 

The  specific   heats  of  metals   thus  those   bodies,  the  particles    of   which 

obtained  are  as  under,  that  of  water  are     at    the    greatest    distance   from 

being  considered  100: —  each  other.      On  this  account,  bodies 

„. ..                            rt  noQQ  which  have  the  least  density  may  have 

^^1^1 0.0998  "^^  particles  of  dinerent  ixxlies  probably 

Platiniim  .'..'. . ........ .  0  OS  14  attract  heat  with  different  d^^^ees  of 

Tin  ........!! O-Osi  i  force,  which,  it  is  imagined,  may  ac- 

Silvcr 0.0557  count    for    the  different  quantities  of 

Zinc 0.0997  heat  retained  by  different  bodies  at  any 

Tellurium    0.^919  given    temperahire;    although  by  this 

Copper 0.0949  attraction  no  intimate  union  be  occa- 

Nickel 0.10.15  sioned  as  if  chemical  attraction  were 

Jr^"  ; ?•  1  l;j?  exerted,  the  particles  of  heat  stiU  retain- 

"^r::::::::::::::  O  Isso  ^  ing all  thdr  properties  unaltered. 

From  the  statements  which  have  been 

made  respecting  tlie  capacities  of  bodies  Chaptkr  VIII. 
for  heat,  and  the  specinc  heat  of  bodies, 

it  will  be  evident  that  a  very  close  con-  0/  the  absolute  quantity  of  Heat  which 
nection  exists  between  these,  so  close,  any  Body  contains  at  any  given  Teni' 
that  one  of  the  terms  is  frequently  used  peraiure, 
for  the  other  without  occasioning  con- 
fusion :  the  former  means  the  relative  All  bodies,  it  is  obvious,  must  contain 
powers  of  bodies  in  receiving  and  retain-  limited  quantities  of  heat ;  but  since  it  is 
ing  heat  in  being  raised  to  any  given  not  in  our  power  to  deprive  them  of  it 
temperature,  some  bodies  receivmg  and  enlirely,  it  is  exceedingly  difficult  to  de- 
retaining  much  more  than  others ;  the  termine  how  much  any  l>ody  continues 
latter  term  applies  to  the  actual  quanti-  to  possess  after  we  nave  reduced  its 
ties  of  heat  so  received  and  retained.  temperature  as  much  as  }>ossible.  While 

Whatever  may  be  the  cause  of  the  Dr.  Irvine  was  engaged  in  the  investi- 

different  capacities  of  bodies  for  heat,  cation  of  tlie  capacities  of  bodies  for 

it  appears  to  be  greatly  influenced  by  heat,  it  occurred  to  him,  that,  if  the 

the  state   of  density  in  which  bodies  quantities  of  heat  contained  in  bodies 

exist;  although  not  so  regularly  as  to  be  in  proportion  to  their  capacities,  a 

admit  of  l)eing  considered  as  an  inva-  knowledge  of  the  capacity  of  a  Ixxly  in 

riaJ}le  relation:   hydrogen,  the  lightest  its  different  states,  together  with  the 

of  all  bodies,  having  the  greatest  capa-  quantities  of  heat  which  it  absorbs  or 

city,  and  metals,  the  heaviest  of  bodies,  gives  out  when  it  undergoes  a  chance 

having  the  least.    The  same  body  may  of  form,  may  enable  us  to  infer  the 

have  its  capacity  enlarged  by  the  de-  amount  of  tne  whole  quantity  existing 

crease  of  its  density ;  thus,  tne  intense  in  the  body :  as  for  example,  the  capa- 

oold  existing  in  the  higher  regions   of  city  of  water   to  that  of  ice  being  as 

the  atmosphere  has  been  accounted  for  1 0  to  9.    Water  at  the  temperature  of 

on  the  supposition  of  the  increased  ca-  32   will  contain  one-tenth  more  heat 

pacity  oftheairfor  heat.  On  the  contra-  than  ice  at  the  same  temperature.     Be- 

ry,  by  increasing  the  density  of  a  body,  its  fore  ice  can  assume  the  state  of  water, 

capacity  for  heat  is  diminished ;  a  auan-  it  must  give  out  tliis  tenth  part,  which 

tity  of  heat  is  therefore  set  free,  and  pro-  may  then  be  measured.   Dr.  Black  esti- 

duces  sensible  effects ;  as  in  the  sudden  mated  the  quantity  at  140°  of  Fahren- 

condensation  of  air,  the  rapid  reduction  heit,  that  is  to  say,  ice  requires  as  much 

of  which  tu  one-fifUi  of  its  volume  occa-  heat  to  liquefy  it  as  viowVi  t«as*.  ^^it 

siona  the  evolution  of  heat  in  sufficient  tcmperalure  oi  \]^  svLXOft  >n€\\^^^"^ 
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ler  140°:  thu  number  multiplied  by  10  cnt  quantities  of  heat  to  produce  tlMie 

wQl  gfive  the  whole  quantity  of   heat  degrees.    So  that  if  the  distance  of  «a- 

Gontained    in    water  at  32^;    namely,  ter  at  32°be  1400°  ficom  zero,  all  other 

1400°,  which  points  out  the  actual  zero,  bodies  at  the  same  temperature  will  be 

at  wliich  no  heat  would  remain.  at  the  same  distance  from  zero ;  the 

The  theorem  of  Dr.  Irvine  for  calcu-  distance  of  each  body  being  measured 
lating  the  real  zero  of  bodies  is  thus  by  d^sjees  according  to  its  own  capacity, 
stated  by  Dr.  Murray :  '*  The  capaci-  Many  different  philosophers  have  en- 
ties  of  the  solid  and  liquid  being  as  the  p^aged  in  this  difficult  investigation,  and 
whole  quantities  of  caloric  they  contain,  have  obtained  from  various  experiments 
it  will  follow,  that  the  difference  be-  very  discordant  results, 
tween  the  numbers  which  express  their  Dr.  Crawford  calculating  from  the 
capacities,  is,  to  the  number  which  ex-  capacities  of  the  constituents  of  water, 
presses  the  capacity  of  the  liquid,  as  and  the  circumstances  attending  tlieir 
the  difference  between  the  quantity  of  combination,  states  that  the  absolute 
heat  which  each  contains,  measured  zero  of  water  is  1 532°  below  its  freezing 
according  to  the  capacity  of  the  liquid,  point. 

is  to  the  number  of  degrees  which  will  Gadolin  measured    the    capacity  of 

express  the  quantity  ojf  caloric  it  con-  sea-salt  and  of  its  solutions,  in  given 

tarns  from  zero."  The  above  expression  quantities    of  water,   and  having  ob- 

will  not,  it  Is  suspected,  challenge  admi-  served  the  degrees  of  cold  produ«d  by 

ration  on  account  of  its  clearness ;  what  the  solutions,  he  calcidated  from  these, 

succeeds  is  less  objectionable:    *' The  and  brought  out  the  zero  at  1432°  Ixlow 

following    general    formula,   therefore,  the  freczinjf  of  water.    The  same  philo- 

may  be  given  for  the  calculation.    Mul-  soplier  deduced  a  variety  of  numbers 

tiply  the  number  which  expresses  the  from  other  experiments  on  the  mixture 

quantity  of  caloric  absorbed  when  the  of  sulphuric  acid  and  water,  and  on  the 

body  passes  froni  the  solid  to  the  liquid,  mixture  of  snow  and  salt ;  the  lowest  of 

or  given  out  when  it  passes  from  the  which  for  the  zero  was  1510°,  and  the 

liquid  to  the  solid  state,  by  the  number  highest  3230° 

denoting    the    capacity  of   the  liquid.  The  results  obtained  l>y  Lavoisier  and 

Divide  the  prcxUict  by  tlie  numl)er  which  La  Place  ai*e  difficult  to  reconcile  with 

expresses  the  difference  in  the  capacities  one  another,  and  with  those  obtained  hy 

of  the  body  in  its  two  forms  ;  the  (luo-  other  philosophers.     From  experiments 

tient  will  be  the  number  of  d^ces  of  on  the  mixture  of  quicklime  and  water, 

temperature  between  the  freezing  point  the  apparent  zero  was  3460°  below  the 

of  trie  li([uid,   and  zero  measured  ac-  freczinjj  point ;  experiments  on  sulphu- 

conling  to  the  capacity  of  the  liquid.'*  ric  acid  and  water  brought  out  the  zero 

Dr.   Robison,   speaking  of  Dr.    Ir-  at  7*2 !)4^  lower  than  the  freezing  point; 

vine's  ingenious  method  of  determining  and  it  was  made  to  appear  by  experi- 

the  point  of  absolute  privation  of  heat,  ments  on  a  niixtiu^  of  nitric  acid  and 

and  quoting  his  own  words,  says  his  quicklime  to  be  23,837°  above  the  same 

fundamentiu  proposition  was,  that  "  the  point. 

heat  which  ap|>eared  in  mixing  vitriolic  '   Mr.  Dalton  deduced  different  num- 

acid  and  water  is  the  difference  between  l)ers  from  different  experiments,  all  of 

the  sum  of  the  absolute  heats  of  the  the  numbers  expressing  the  distance  of 

two  ingredients,  and  the  absolute  heat  the  zero  in  degrees  of  Fahrenheit's  scale 

of  the  mixture ;  while  the  heats,  which  below  the  freezing  of  water :   from  the 

each  of  them  separately  required  for  an  mixture  of  5  J  parts  of  sidphuric  add  with 

equal  variation  of  temperature,  had  the  one  part  of  water  6400°;  from  a  mixture 

proportion  of  their  respective  absolute  of  three  parts  of  lime  with  one  of  water 

heats."    Therefore,  having  discovered  by  4260°;  from  seven  parts  of  nitric  acid 

such  experiments  the  difference  and  the  and  one  of  lime  1 1 ,000° ;  from  the  oom- 

ratio  of  the  absolute  heats  of  the  ingre-  bust  ion  of  hydrogen  5400°,   and  from 

dients,  we  can  find  those  absolute  heats,  the  combustion  of  oil,  wax,  and  tallow 

and  the  temperature    at    which  those  6900°. 

heats  commence,  or  in  which  tlie  ingre-  MM.  Clement  and  De  Sormes  state 

dients  contain  no  heat  at  all. — Black's  the  absolute    zero   at  448°  of   Fahr- 

Lccture^y  by  Robison^  page  505  enheit ;  while  MM.  Dulong   and  Petit 

It  was  considered  that  the  degrees  of  fix  it  at  infinity.     It  is  ahnost  supers 

temperature  are  the  same  in  allbodies,  fiuous  to  remark,  alter  what  has  lieen 

although  different  bodies  require  dift'er-  stated,  that  the  results  hitherto  obtained 
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m  tliii  diiBeiiU  research  are  not  such  as  melts  in  ice-houses,  and  in  which  ice 

to  enga^  our  confidence,  or  to  admit  of  and  snow,  where  they  are  accumulated 

being  made  the  basis  of  other  calcula-  in  laru;e  quantities,   assume  the  fluid 

tions^  state,  were  observed  by  Dr.  Black ;  and 

he  descril)ed  in  his  lectui-es  tlie  effects 

CuAPTSR  IX.  which  would  hap))en  if  large  quantities 

of  heat  were  not  necessary  to  enable  ice 

Of  TMtent  Heat,  including  Fluidity^  and  snow  to  liquefy.     In  that  case,  he 

Steanif  Evaporation^  and  Distillation,  affirmed,  that  torrents  and  inundations 

would  l>e  iiTCsistible  and  dreadfid,  tear- 

Th«  honour  of  having  made  the  im-  injr  up  and  sweeping  away  every  thing 

portant  discovery  that  large  quantities  so  suddenly,  as  scarcely  to  permit  the 

of  heat  must  enter  into  bodies,  and  be  human  inhabitants  of  those  aistricts  to 

concealed  to  enable  them  to  pass  from  escape  from  the  ravages, 

the  solid  to  the  fluid  state,  or  from  the  Dr.  Black  put  five  ounces  of  pure 

fluid  state  to  that  of  vapour,  is  uni-  water  into  each  of  two  thin  globular 

-venially  ascribed  to  Dr.  Black.     His  glass  vessels,  about  the  same  size  and 

first  decisive  experiment  was  made  in  weight ;  the  water  in  one  of  the  vessels 

December,  1761,  at  Glasgow,  where  he  was  completely  frozen  by  immersion  in 

was  then  |irofessor  of  chemistiy.    This  a  mixture  of  snow  and  salt ;  the  vessel 

experiment  consistcxl  in  comparing  the  was  then  set  on  a  wire  ring  attached  to 

length  of  time  which  a  given  weiglit  of  a  reading-desk,  in  a  large  hall,  where  it 

water  required  to  raise  its  temperature  remained  until  it  was  entirely  melted, 

one  degree,  with  the  length  of  time  which  The  other  vessel  containing  the  same 

the  same  weight  of  ice  requirecl  for  its  cjuantity  of  water  cooled  to'  33°,  and, 

lique^tion,  an  ecpial  heat  being  ap-  having    a    delicate    thei*mometer  sus- 

phed  in  both  cases ;  and  also  reversing  pended  in  it,  was  placed  in  a  similar 

the  experiment,  he  compared  the  length  situation.     In  about  half  a  minute  the 

of  time  required  to  depress  the  temiieia-  thermometer  assumed  the  temi>erature 

lure  of  a  given  weight  of  water  one  de-  of  the  water,  after  which  the  increase  of 

gi-ec  with  the  length  of  time  requirwl  to  tenq)erature  was  observed  every  five  or 

fivcze  the  same  quantity:  he  was  thus  ten  minutes  during  half  an  hour,  at  the 

enabled  to  determine  that  the  quantity  end  of  which  time  the  degree  of  heat  in- 

of  heat    necessary  to  enable    a  given  dieated  was  40°  of  Fahrenheit.      When 

weis^t  of  ice  to  assume  the  fluid  form,  the  glass  containing  the  ice  was  taken 

is  ecpial  to  that  which  would  raise  the  out  of  the  freezing  mixture,  it  was  four 

temperature  of  the  same  weight  of  water  or  five    degiees   colder    than    melting 

IJir.      He  also  found  that  an  eijual  snow;  when  it  arrived  at  the  freezing 

quantity  of  heat  is  set  free  from  water  point,  and  was  just  beginning  to  melt, 

when  it  assumes  the  solid  form.     Since  the  time  was  noted,  and  the  glass  was 

the  increased    quantity  of  heat,    thus  then  left  undisturbed  ten  hours  and  a 

proved  to  be  essential  to  the  fluid  state,  half.    At  that  time  a  small  sponger  mass 

IS  not  capable  of  being  detected  by  the  of  the  ice  remained    unmelted  in  the 

touch,  or  by  the  application  of  a  ther-  upper  part  of  the  water,  although  that 

mometer.  Dr.  BlacK  called  it  concealed  part  of  the  water  which  was  near  the 

or  latent  heat.  sides  of  the  vessel  had  attained  the  tem- 

He  was  led  to  this  discovery  by  no-  perature  of  4o°     In  a  few  minutes  more 

ticing  what  takes  place  in  some  natural  the  whole  of  the  ice  had  l)ecome  liquid, 

operations,  particularly  the  melting  of  Thus  it  api)ears  that  the  same  quantity 

ice  and  snow.     Portions  of  these  lx»ing  of  heat  which  was  capable  of  raising 

brought  into  a  warm  room,  gradusdly  the  temiKTature  of  the  water-glass  seven 

attain  the  temiKTature  of  32°,  if  previ-  degrees  in   half  an  hour,  required  ten 

ously  below  that  point ;  they  then  begin  hours  and  a  half,  or  twenty-one  half 

to  melt,  and  continue  at  the  same  tem-  hours,  to  raise  the  ice-glass  to  the  same 

pci-ature  until  the  whole  is  melted;  all  temperature;  so  that  21  multiplied  by 

the  heat  which  enters  into  the  melting  7,  will  give  the  number  of  degrees  of 

ice  or  snow  being  converted  into  latent  heat. 

heat,  to  promote'the  licjuefaction  :  when  The  temperature  to  which   the  two 

the  whole  is  liqucficil  the  temperature  glasses  were  exposed,  under  precisely 

again  rises,  and  continues  to  do  so  un-  the  same  circumstances,  was  47°.    Tlie 

til  it  becomes  the  same  as  that  of  the  water-glass  attained  the  tenqwratiu*  of 

room.    Tlie  slow  manner  in  which  ice  40°  in  half  an  hour,  being  an  incuase 
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of  7° ;  the  ice-g:lass,  after  bein^  exposed  more  tatifffactorily,  if  to  a  pound  of  ncir* 
twenty-one  half  hours,  attained  the  same  fallen  snow  we  add  a  pound  of  water 
temperature.  It  is  obvious  that  the  ice-  at  17S°;  the  snow  will  be  liquefied. 
f^Hss  must  have  received,  during  every  and  32^  will  be  the  resulting  tempera- 
half  hour,  nearly  the  same  quantity  of  ture. 

heat  which  the  water-^lass  did,  wKile        Thus  it  appears  that  heat  entering 

its  temperature  was  bein^  raised  7° ;  into  bodies  enables  them  to  assume  the 

so  that  the  whole  quantity  of  heat  im-  fluid  state  by  counteracting  in  some 

parted  to  the  ice-glass  will  be  found  by  degree  the  innuenoe  of  cohesive  attrac* 

multiplying  21  by  7,  or  147^.    In  other  tion,  which  holds  the  particles  together, 

words,  the  quantity  of  heat  received  by  repelUn^  them  to  greater  distanees,  and 

the  ice-glass  would  have  raised  the  tem-  permitting  them  to    have  fireedom  of 

])erature  of  water  147^,  but  only  eight  motion  among  each  other.     It  is  be- 

degrees  of  this  quantity  were  to  be  de-  lieved,  however,  that  something  more 

tected  in  the  water  by  a  thermometer '  is  necessary  to  this  freedom  of  motion 

consequently  the  remaining  139°  or  140^  than  weakness  of  cohesive  attractiuii. 

must  have  blbn  absorbed  to  enable  the  Professor  Robison  supposed,  that  while 

ice  to  liquefy.  a  substanqe  remains  m  the  solid  state. 

Another  method  of  ascertaining  the  the  particles  attract  each  other  more 
same  thing  occurred  to  Dr.  Black,  by  strongly  in  one  direction  than  another, 
submittinfi^  ice  to  the  action  of  warm  on  wmch  account  they  will  assume  par- 
water.  Having  prepared  a  piece  of  ice  ticular  positions,  and  oppose  more  or 
of  a  shape  fit  for  his  purpose,  and  less  resistance  to  any  force  tending  to 
weighing  59]f  drachms,  he  plunged  it  change  these  positions ;  but  when  ttiese 
into  a  quantity  of  water  at  the  tempe-  particles  enter  into  the  fluid  state,  it  is 
rature  of  190°,  weighing  6 7^  drachms;  supposed  that  they  attract  each  other 
the  whole  of  the  ice  was  liquefied  in  a  equally  in  all  directions,  which  would 
few  seconds,  and  the  tem|>eratiue  of  the  enable  them  to  move  with  the  smallest 
fluid  was  immediately  found  to  be  53°.  impulse,  although  the  attraction  between 
Thus  the  heat  of  the  water  used  in  this  them  should  scarcely  be  diminished  in 
exneriment  was  reduced  from  190°  to  force. 

53%  as  was  tlie  glass  vessel  which  con-        It  has  often  been  asserted,  that  a 

tained  the  water :  it  had  been  previ-  state  of  solidity  is  the  natural  state  of 

ously  ascertained  that  the  power  of  the  all  bodies:    but  the  propriety  of  this 

vessel  to  heat  bodies  was  not  more  than  assertion  is  doubtful,  as  examples  might 

half  that  of  water;  the  weight  of  the  easily  be  adduced  of  substances  v^Sdi 

vessel  was  eight  drachms,  but  on  ac-  continue  in  diifercnt  states  according  to 

count  of  its  less  power  of  heatins:,  the  the  heat  of  the  climate  in  which  they 

ei:^it  drachms  are  taken  in  the  calcula-  may  happen  to  be  placed :  thus  sulphu- 

tion  as  four  of  water.    The  tempera-  ric  ether,  which  is  permanently  liqiud  in 

ture  of  674  drachms  of  water,  together  this  climate,  would  always  remain  solid 

with  four  drachms  of  water  capable  of  in  the  coldest  parts  of  the  arctic  regions; 

exerting  the  same  heating  power,  was  and  the  state  of  elastic  gas  woukl  be 

reduced,  in  this  experiment,  137°;   the  the  only  state  in  which  5  could  exist 

whole  of  which  quantity  being  commu-  near  the  Equator, 
nicated  to  594  drachms  of  ice.  at  32°, 

raised  its  temperature  only  21°;  al-  Fluidity, 
though,  according  to  the  relative  pro- 
portions of  hot  and  cold  matter,  it  ought  All  liquids,  with  the  excq>tion  of  al- 
to have  elevated  the  temi^rature  of  the  cohol,  have  been  reduced  to  the  solid 
ice  86°.  A  tjuantity  of  heat,  therefore,  state ;  and  it  is  generally  believed  that 
was  suddenly  lost,  equal  to  65°,  which,  this  also  would  become  solid  if  we  were 
it  was  calciUated,  would  have  been  able  to  reduce  its  temperature  sufiid- 
sufficient  lo  have  raised  the  temperature  ently :  the  same  opinion  is  entertained 
of  a  quantity  of  water  e(iual  in  weight  respecting  elastic  fluids.  All  solids  that 
to  the  ice  143°.  do  not  suflPer  decomposition  at  low  tem- 

Dr.  Black  simplified  the  experiment  peratures  may  be  converted  into  fluids, 

by  putting  a  lump  of  ice  into  an  equal  and  most  of  them  into  vapoiu*,  by  the 

weight  of  water  at  17«i°;   the  ice  was  intense  heats  produced  by  modern  inge- 

melted,    and    the   temperatiu-e  of  the  nuity.    When  bodies  that  remain  fluid 

whole  was  reduced  to  32°.  at  the  usual  temperature  of    the  air 

Ex.    This  cxiHjriuicnt  will  succeed  become  soUd,  we  say  they  are  fiozen 
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and  when  bodies  that  are  usually  solid  pemiitted  to  come  into  contact  with  the 

become  fluid,  in  consequence  of  the  water  in  the  uncovered  vessel,   occa- 

addition  of  caloric,  it  is  said  they  are  sioned  the  process  of  congelation  to 

melted,   or  fused.      The  transition  of  commence.    The  eifect  of  oil  poured 

water  and  of  metals  from  a  solid  to  a  upon  the  surface  of  water  in  preventing 

fluid  state  being  produced  by  the  same  it  from  freezing  may  be  ascribed  to  tlic 

cause,  we  may  consider  water  as  melted  same  cause. 

iee,  with  as  much  propriety  as  we  do  The  beautiful  spiculae,  which  shoot  in 

the  fluid  state  of  metallic  substances  diiferent  directions    at  certain    angles 

melted  metals.  through  water  at  tlie  commencement  of 

It  is  not  possible,  under  usual  cir-  freezing,  and  the  enlargement  of  bulk 
eumstances,  to  melt  numerous  com-  produml  by  the  process,  prove  that  it 
pound  substances,  chiefly  of  animal  or  is  a  species  of  cr)'stallization,  in  which 
vei^able  origin,  on  account  of  the  de-  the  particles  are  united  by  certain  points 
eomposition  which  they  suffer  at  com-  or  surfaces  in  preference  to  others ;  and 
paratively  low  temperatures;  but  Sir  the  effect  of  agitation,  in  facilitating 
James  If  all,  by  subjecting  several  sub-  the  process,  may  be  explained  by  sup- 
stances  of  this  kind,  as  coal  and  lime-  posing  that  it  assists,  the  particles  m 
stone,  to  heat,  under  a  great  degree  of  assuming  tliat  position  which  is  most 
pressure,  so  as  to  prevent  the  escape  of  favourable  to  their  solidification ;  and 
their  gaseous  parts,  succeeded  in  fusing  since  this  effect  is  more  likely  to  be 
them.  produced  by  inteinal  agitation  among 

Ice  cannot  be  raised  higher  than  the  the  parts  of  the  fluid  than  by  tlie  gene- 
temperature  of  3*2^  without  melting ;  but  ral  motion  of  the  whole,  it  is  found 
water  may,  under  certain  circumstances,  that  a  sudden  jerk  of  a  vessel  contain- 
be  cooled  much  lower  without  freezing,  ing  water  cooliid  below  32^  is  tlie  most 
Mr.  Dalton  succeeded  in  reducing  it  to  etiectual  kind  of  motion  in  promoting 
4°  of  Fahrenheit  before  it  solidified,  congelation.  The  effect  produced  by 
Agitation  is  unfavourable  to  tliis  expe-  the  introduction  of  a  solid  particle  of 
riment,  occasioning  the  water  to  freeze  the  same  substance,  is  supposed  to  de- 
instantly,  and  its  temi>erature  to  rise  pend  upon  the  attractive  power  which  it 
to  the  freezing  point.  It  was  proved  exerts  upon  the  contiguous  particles,. 
by  Dr.  Black  that  water  which  has  been  occasioning  tliein  to  arrange  themselves 
deprived  of  air  by  boiling  freezes  more  in  the  manner  most  favourable  for  their 
readily  than  unlMiled  water,  on  account,  union  with  other  particles;  and  the  same 
as  he  supposed,  of  a  slight  agitation  influence  being  extended  from  particle 
upon  its  surface,  occasioned  by  the  to  particle,  the  solidification  proceeds 
attraction  of  air.    Whatever  particles  with  rapidity. 

impair  the  transparency  of  water,  when  Many  of  the  circumstances  alluded 
mixed  with  it,  produce  the  same  effect ;  to  in  relation  to  the  freezing  of  water 
but  the  most  effectual  method  of  deter-  may  be  illustrated  by  reference  to  other 
mining  the  congelation  of  water  which  fluids,  the  best  of  which  for  that  pur- 
is  colcknr  than  the  freezing  point,  is  to  pose  is  a  solution  of  sulphate  of  soda, 
introduce  a  particle  of   ice  or  snow;  Ex,  A  flask  of  the  shape  of  yfe".  15, 
crystallization      instantly    commences.  l>eing  filled  with  a  saturated  solution  of 
Sir   Charles   Blagden  exposed   to   the  sulphate  of  soda,  near  the  boiling  point* 
atmosphere  two  vessels  containing  dis- 
tilled water,  when  the  teniix?rature  was  p^g   j^^ 
about  20°  and  the  day  calm ;  one  of  '  '      * 
the  vessels    he    covered  slightly  with 
paper,  the  other,  being  left  uncovered, 
the  temperature  of  the  water  in  the 
covered  vessel  sunk  many  degrees  be- 
low 32^  without  freezing,  while  ice  in- 
variably formed  upon  the  surface  of  tlie 
water  in  tlie  other  vessel  before  a  ther- 
mometer immersed   in    it  was  cooled 
quite  to  the  freezing  point.    This  dift'e- 
rence  he  accounted  for  on  the  supposi- 
tion that  tlie  frozen  particles  which  float 
in  the  air,  at  that  temperature,  bein^ 
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Die  neck  of  the  flask  beine:  then  closed  that  tlie  same  reasoning  which  appliei 

so  as  L>ff(H:tually  to  exchide  the  air,  by  to  the  meltint;  of  ice  may  apply  to  the 

firmly  tyin^  i)ieces  of  bladder  over  it,  melting  of  all  other  bodies. 
or  in  any  otncr  way,   the   flask  must        Dr.  Irvine,  making  some  experiments, 

then  be  sufleit'd  to  cool  until  it  attains  at  the  desire  of  Dr.  Black,  on  sperma- 

the  tcmiH!r:iture  of  tlic  surrounding  air,  ceti,   bees*  wax,   and  some  other  sub- 

at  whicn  time  the  surface  of  the  fluid  stances,  found  that  spermaceti  absorbed 

will  be  much  lower  in  the  neck  of  the  in  melting,  without  becoming  sensibly 

flask  ;   a  thread    being  put  round  to  warmer,  a  quantity  of  heat  sufficieut  to 

mark  its  place,  and  tlie  temperatuie  of  have  rendered  the    same   quantity  of 

the  flask  naving  been  felt  by  the  hand,  melted  spermaceti  from   141°  to   148^ 

a  hole  may  be  made  with  a  sharp  point  hotter.     Bees*  wax,   in  the  same  way, 

through  the  bladder,  so  as  to  admit  the  absorbed  \75°;  and  it  appeared  to  him 

Sressure  of  the  air.  The  surface  of  the  that  tin  absorbed  as  much  heat  in  melt- 
uid  will  be  agitated  by  the  sudden  ing  as  would  raise  its  temperature  in 
admission  of  the  air,  and  it  is  \ery  pro-  its  solid  state  500°.  Dr.  Black  was  of 
bable  that  crystallization  will  commence  opinion  that  the  softness  which  takes 
at  the  surface,  and  proceed  rapidly  down-  place  in  some  bodies  before  they  assume 
wards  in  a  l)eautiful  manner,  until  the  the  fluid  state,  depends  uix)n  their  ab- 
whole  becomes  solid.  If  crystallization  sorbing  a  portion  of  heat,  though  not 
should  not  take  plac^  on  the  admission  in  suflicient  quantity  to  produce  fluidity, 
of  air,  which  is  sometimes  the  case,  the  The  malleability  and  ductility  of  metals 
process  maybe  made  to  commence  by  were  also  consideriHl  by  him  as  de- 
letting  fall  a  small  solid  particle  of  the  pending  upon  the  absoqition  of  best 
same  salt  into  the  solution.  Sometimes  '*  I  thei-efure  consider  the  metals,*"  savs 
it  can  scarcely  pass  below  the  surface  he,  '*  as  substances  which  have  the 
before  particles  are  attracted,  which,  ^ower  to  retain  strongly  a  certain  quan- 
arranging  themselves  round  the  solid  tity  of  latent  heat,  w-hich  gives  them 
nucleus,  form  bcautifiil  radiating  crys-  their  toughness  and  malleability ;  but  I 
tals  that  enlarge  rapidly,  extending  imagine  that  heat  is  driven  out  of  thejn 
throughout  the  whole  mass,  which  be-  by  the  violent  agitation,  coni]iression, 
comi's  solid  in  a  veiy  short  time.  On  and  friction  of  theii*  parts,  in  hammering 
trying  the  temperature  of  the  flask  with  thorn  strongly  into  another  shape.  Those 
the  liand,  it  wUl  be  found  tjuite  warm,  a  called  the  more  perfect  metals  retain 
considerable  quantity  of  lieat  l)eing  set  this  heat  with  the  greatest  force,  and 
free  in  the  transition  from  fluid  to  solid,  retain  it  in  some  crises,  though  extended 
A  few  drops  of  fluid  will  nrobably  re-  by  skilful  hammering,  to  an  amazing 
main,  the  surface  of  which  will  stand  degree.  Tough  iron,  which  is  a  purnr 
considerably  above  the  thread  on  the  metal  than  steel,  contains  more  of  it 
neck  of  the  flask,  proving  that  the  new  than  steel  does,  and  shows  a  little  more 
arraiiirtfuient  of  the  parts  necessary  to  j)ower  to  retain  it ;  from  iron  it  cannot 
the  solid  state  occupies  more  room.  It  l)e  expelled  but  by  the  strokes  of  the 
has  usually  been  thought  that  the  pres-  liammer,  or  violent  compression  ;  from 
sure  of  the  air  is  essential  to  enable  steel  it  can  Ixj  separated  not  only  by 
crystallization  to  take  place  in  this  ex-  hammering,  but  also  bv  sudden  and 
periment ;  but  sometimes,  as  has  jilready  \  iolent  refrigeration  of  the  steel  from  a 
l)een  stated,  the  pressure  of  the  air  may  red-hot  state.  This  happens  in  the 
be  admitted  without  producing  the  oneration  called  the  hardening  of  steel, 
effect,  while  the  introduction  of  a  solid  Tlie  steel  is  made  retl-hot  in  the  fire, 
particle  generally  succeeds.  It  is  mfore  and  then  suddenly  plunged  into  coW 
prol)able,  therefore,  that  when  crj'stalli-  water.  Thus  it  is  made  excessively 
zatioii  happens  on  the  admission  of  air,  hard,  but  at  the  same  time  perfectly 
that  it  is  occasioned  by  the  agency  of  inflexible  or  brittle.  We  must,  there- 
solid  oarticles  admitted  along  with  the  fore,  conclude  that  this  sudden  and 
air.  which  serve  as  nucleii  or  points  of  violent  refrii^Tation  prevents  its  retam- 
attraction  for  crystallization  to  com-  ing  a  due  port ivm  of  latent  heat,  which 
inence  upon.  it  would  have  retained,  had  it  l)een 
Dr.  Black  observed  appearances  at-  allowed  to  cool  slowly  and  quietly.  Iron 
tending  the  liquefying  of  other  substances  when  heated  in  the  same  manner  loses 
which  connected  tliein  with  the  doctrines  but  ver>'  litt  le  of  its  latent  lieat."  ^Black'i 
**^  latent  heat,  and  he  was  of  opinion  Lectures,  vol.  i.  p.  140. 
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Steam.  A  similar  expenment  was  soon  after- 
wards performed  by  Mr.  Watt,   in  a 

h  Dr.  Black  did  not  find  op-  more  satisfactory  manner.     **  He  put 

for  the  performance  of  such  three  inches  of  water  into  a  small  cop- 

a  as  satisfied  him  completely  per  digester,  and  screwing  on  the  Ud, 

the  quantity  of  heat  which  ne  left  the  safety-valve  open ;  he  then 

Eitent  in    the  conversion   of  set  it  on  a  clear  fire  of  cokc,  and  after 

steam  before  1 762,  he  had  it  began  to  boil  and  produce  steam,  he 

y  observations  as  to  the  fact  allowed  it  to  remain  on  the  fire  hsdf  an 

nble  time  before.      He  had  hour  with  the  valve  open ;  then  taking 

iiat  every  addition  of  heat  it  off  the  fire,  he  found  that  an  inch  of 

a  fluid  produces  an  elevation  water  had  boiled  away.     In  the  next 

iture  until  it  arrives  at  the  place,  he  restored  that  inch  of  water,' 

at ,  but  however  violently  the  screwed  on  the  lid,  and  set  it  on  the 

boil,  it  does  not  become  hot-  fire ;  and  as  soon  as  it  began  to  boil, 

es  the  steam  that  arises  from  he  shut  the  safety-valve,  and  allowed  it 

a  greater  degree  of  heat  than  to  remain  on  the  fire  half  an  hour,  as 

a  large  proportion  of  the  before.    The  temperature  of  the  whole 

ifore,  he  had  no  doubt,  en-  was  many  degrees  above  the  boiling 

le  steam,  and  becomes  latent,  point    He  took  it  off  the  fire,  and  set 

bserved  the  great  heat  im-  it  upon  ashes,  and  opened  the  valve  a 

the  worm-tub  of  a  still,  and  very  small  matter :  tne  steam  rushed 

need  that  when   vapour    is  out    with    great    violence,    making    a 

into  a  liquid,  its  latent  heat  shrieking  noise  for  about  two  minutes, 

t  free.  When  tnis    had   ceased,    he  shut  the 

eriments  by  which  these  opi-  valve,  and  allowed  all  to  cooL    When 

!  proved  to   be  correct  were  he  opened,  it  he  found  that  an  inch  of 

d  convincing.       He  applied  water  was    consumed. — Black's    Lec^ 

mall  quantity  of  water  at  50°,  tares,  vol.  1,  page  160. 

I  noticed  what  length  of  time  The  inferences  drawn  by  Dr.  Black 

red  to  make  the  water  boil,  from  these  experiments  were,  that  the 

ed  to  apply  the  heat  until  all  same  quantity  of  heat  entered  into  the 

was  converted   into  vapour,  water  in  the  second  as  in  the  first,  and 

that  the  vaporization  of  the  that  as  much  escaped  with  the  steam 

ired  five  times  as  much  heat  which  rushed  out,  as  was  carried  off  by 

iquisite  to  make   it  boil,   or  the  vaporization  of  the  water  when  tlie 

Q  which  he  inferred  that  810°  vessel  was  open, 

lad  been  carried  off  by  the  Under  the  usual  pressure  of  the  air, 

Leversing  the  experiment,  he  water  cannot  be  heated  above  the  boil- 

a  pound  of  water  into  steam,  ing  point ;  but  when  exposed  to  greater 

it  pass  through  the  worm  pressure,  by  being  confined  in  the  ves- 

l,  by   which  he   found  that  sel,  it  miiy  be  raised  to  a  much  higher 

t  were  imparted  to  40  lbs.  of  degree  of  heat,   and  if  the  excess  of 

the  worm-tub,   and  inferred  heat  should  be  insufiicient  to  convert 

effect  produced  that  800°  of  the  whole  of  the  water  into  vapour,  a 

have  been  given  out  by  tlie  portion  of  it  would  rush  out  in  steam  on 

opening  the  vessel,  and  the  remaining 

g  phial  was  half  filled  with  water  would  be  at  the  boiling  tempera- 

)se  corked,    and  heated  in  a  ture. 

sand ;   after  the  water  had  The  low  temperature  at  which  water 

d  there  was  a  strong  pressure  boils  in  vacuo,  was  observed  by  Dr. 

i  phial.  Dr.  Black  suddenly  Black,   and  explained  upon  the  same 

the  cork,  and  was  delighted  theory.      The  evaporation  of   alcohol 

he  had  been  led  to  anticipate,  and  ether  affords  still    more  striking 

rtion  of  the  water  only  was  illustrations.    Dr.  Cullen  found  that  on 

into   vapour,   and  that  the  wetting  the  bulb  of  a  thermometer  with 

re  of  the  remaining  water  was  either  of  these,  and  suspending  it  in  the 

>  the  boiling  point  and  thus  air,  its  temperature  was  rapidly  reduced. 

d  that  all  the  excess  of  heat  The  greater  the  tendency  of  the  liquid  to 

ided  in  the  formation  of  va-  assume  the  state  of  vapour,  and  the 

more  its    evoporation  is   hastened  by 
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blowing  a  current  of  air  upon  it,  the  cjrlinder,    with    a    piston    aoc 

rater  the    deg^ree  of  cold  produced,  fitted  to  it,  was  filled  with  v 

glass  coblet,  containing  water,  was  the  air  having  been  previously  ei 

placed  by  nim  upon  the  plate  of  an  air-  the  piston  was  then  suddenly 

pump,  a  wide-mouthed  {Hiial  containing  down,    which    compressed  tM 

vitriolic  ether  being  immersed  in  it ;  a  and   occasioned  the  extricatior 

thermometer  was   so  suspended  to  a  ouantity  of  heat,  which,  accoi> 

wire  passing  through  the  top  of  the  re-  tne  calculation  made  at  the  time, 

ceiver,  that  its  bulb  could  be  dipped  have  been  sufficient  to  raise  the 

mto  ttie  ether  and  taken  out  atoleasure.  rature  of  an  equal  weight  of  i 

On  exhausting  the  receiver,  the  ether  having  the  same  capacity  as  wat 

.boiled  violently,  being  rapidly  converted  which  would  not   evaporate    9 

into  vapour,  and  so  great  a  degree  of  grees. 

cold  was  produced  by  this  evaporation  In   reviewing  the   progress 

that  the  water  surrounding  the  ether  Black  in  these  unportant  discor 

was  frozen,  although  the  temperature  predominant  feeling  of  the  mind 

of  the  air  in  the  room  was  54°.  miration  of  the  simplicity  and  d 

By  this  experiment  it  was  proved  that  with  which  he  explained  his  a\ 

ether  is  incapable  of  existing  as  a  fluid  and  demonstrated  his  assertioi 

when  the  pressiure  of  the  air  is  removed,  he,  instead  of  affecting  the  re 

and  that  when  it  assumes  the  form  of  obscurity  of  scientific  phraseolo 

vapour,  heat  is  absorbed  in  large  quan-  too  much  in  use,  stated  every  1 

tity.  such  plain  lanj^age  that  every ) 

Lavoisier  proved  by  experiment  that  his  class  must  nave  been  able  to 

in  cases  of  combination,  where  any  part  stand  all  that  he  advanced  res 

of  the  combining  substances  assumes  this  new  department  of  science ; 

the  gaseous  state,  less  heat  is  evolved  in  other  hands,  might  have  be 

than  in  other  combinations  where  no  dered  more  than  sufficiently  diffic 

aeriform  substance  is  produced,  the  heat  obscure. 

which  would  otherwise  become  sensible  Another  suggestion  that  arisei 

being  expended  in  enabling  the  disen-  mind,  and  which  challenges  adn 

gaged  suDstance  to  assume  its  expanded  also,  is  tlie  freedom  of  this  distinj 

rorm.  philosopher  from  suspicion  and  ie 

In  order  to  prove  the  disengagement  he  had  no  sooner  opened  this  oe 

of  heat  which  had  been  absorbed  by  field  of  enc^uiry,  than    it  was 

water  when  it  returned  to  the  state  of  entered  by  other  philosophers, 

ice.  Dr.  Black  exposed  pure  water  and  of  whom  were  encouraged  and  i 

water  containing  a  little  salt  in  solution,  by  Dr.  Black  himself.     Mr.  Wf 

in  two  similar  vessels,  to  the  influence  one    of  these ;  and,    although 

of  an  atmosphere  colder  than  32° ;  the  explicitly  denied  that  any  of  hi 

pure  water  be^n  to  freeze,  and  its  tern-  important  inventions    were    su. 

perature  remained  at  32°;  the  heat  set  free  by  Dr.  Black,  yet  it  is  obvioui 

m  the  process  of  congelation  being  suffi-  who  are  acquainted  with  the  c 

cient  to  counterbalance  the  abstrieiction  stances    unoer    which    these  p 

of  heat  by  the  colder  atmosphere.    The  phers  were  placed  with  respect  t 

temperature  of  the  water  which  had  salt  other,  that  the  very  important 

dissolved  in   it,   continued  to  descend  tions  alluded  to  were,  in  all  prot 

until  it  was  cooled  considerably  below  facilitated  by  the  previous  msec 

the  freezing  point.  latent  heat  l^  Dr.  Black. 

But  the  evolution   of  heat   from  a  It  is  not  intended  in  this  essa} 

latent   state  is  most  strikingly  shown  lai^  upon  the  application  of  the 

when  vapour  is  condensed  into  water,  coveries  to    the    improvement 

Dr.  Black  inferred  from  his  experiments  steam-engine,  but  a  brief  sketch 

on  a  still,  that  the  quantity  set  free  is  effect  may  not  l)e  out  of  place, 

from  774  to  750  degrees.    Mr.  Watt  re-  When  Mr.  Watt's  attention  w 

pcated  the  experiments  with  a  smaller  attracted  to  the  steam-engine, 

still,  better  adapted  for  the  purpose,  and  was  given  to  it  by  the  introduc 

obtained  as  the  medium  result  of  many  steam  below  a  piston  moving, 

trials  825°  as  the  quantity  of  heat  set  tight,  in  a  cylinder;   when  me 

free.     He    adopted    another   mode  of  was  raised  by  its  elastic  force, 

pursuing    this    enquiry.     A    metallic  cold  water  was  made  to  play  ii 
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r,  by  which  the  steam  was  con-  It  is  affirmed  that  Mr.  Watt,  when  ne 

,  and  a  vacuum  produced;  the  first  began  to  operate  on  steam,  had 

essing   upon    the    piston  above  neither  means  nor  leisure  to  permit  the 

it  down  into  the  cylinder,  raising  use  of  a  complicated  apparatus,   and, 

tits  at  the  other  end    of  the  therefore,  made  some  of  nis  most  im- 

e  steam  was  then  permitted  to  portant  researches  with    apothecaries* 

again  to  elevate  the  piston,  as  phials.     In  this  way  he  discovered  that 

a  cubical  inch  of  water  forms  a  cubical 
his  operation  it  will  be  obvious  foot  of  steam,  or  1 728  inches ;  and  that 
nunense  quantities  of  steam  the  heat  evolved  by  the  condensation  of 
>e  lost  in  raising  the  tempera-  that  quantity  of  stecun  would  be  suffi- 
if  the  cylinder  to  the  boiling  cient  to  heat  six  cubical  inches  of 
every  time  after  being  cooled  water  from -the  atmospherical  tempera- 
old  water,  and  exposiu-e  to  the  ture  to  212  degrees.  It  is  now  usually 
ihere,  and  consequently  corres-  ccgisidered  that  steain,  arisins;  from 
g[  portions  of  heat  wasted,  boiling  water,  occupies  1800  tmies  as 
ting,  according  to  the  calculations  much  space  as  the  water  from  which  it 
Watt,  to  hall  the  quantity  used  was  produced. 

icing  the  engine.  The  apparatus  used  by  Dr.  Ure,  in 
as  seen  by  him  that  the  cool-  his  researches  on  the  latent  heat  of 
the  working  cylinder  must  de-  vapours,  and  whidi  he  considered  well 
iie  steam  of  its  latent  heat,  adapted  to  the  purpose,  although  ex- 
casion  its  condensation,  until  the  ceeoingly  simple,  consisted  of  a  small 
r  was  again  heated  to  212°.  To  ^lass  retort,  with  a  short  neck,  inserted 
this,  after  many  experiments,  mto  a  globular  receiver  of  very  thin 
'att  contrived  to  condense  the  glass,  and  about  three  inches  in  diame- 
n  a  separate  vessel  without  cool-  ter.  The  globe  was  surrounded  with 
s  working  cylinder.  A  com-  a  certain  quantity  of  water,  at  a  known 
iion  being  established  between  temperature,  in  a  glass  basin.  Aquan- 
nder  and  a  separate  vessel,  called  tity  of  the  liquid,the  vapour  of  which  was 
mser,  exhausted  of  air  and  im-  to  be  examined,  cunounting  to  200  grains, 
in  cold  water ;  the  moment  the  was  put  into  the  retort,  and  rapicQy  dis- 
lad  performed  its  office,  a  valve  tilled  into  the  globe,  by  the  heat  of  an 
ened,  by  the  working  of  tlie  en-  Argand  lamp.  His  experiments  were 
hich  permitted  the  steam  to  rush  performed  when  the  temperature  of  the 
e  exhausted  vessel,  where  it  was  air  was  45°,  that  of  the  water  in  the 
sed  l^  the  cold  temperature  of  basin  being  from  42°  to  43°;  the  heat 
sel.  imparted  l^  the  condensation  of  steam 
is  decidedly  the  most  important  to  this  water,  never  raised  its  tempera- 
numerous    inventions  of  Mr.  ture  higher  than  about  four  degrees 

above  that  of  the  atmosphere,  and  each 

nrevent  the  cooling  effect  of  the  operation  generally  lasted  about  five  or 

here,  and   still  further  to  eco-  six  minutes.    A  very  delicate  thermo- 

heat,  he  excluded  au-  altogether  meter  was  constantly  mov^  through 

le  cylinder,  by  making  the  piston-  the  water,  and  its  indications  were  read 

rk  through  a  collar,  steam  being  off,  to  small  fractions  of  a  degree,  by 

ced  above  the  piston,  and  after-  the  aid  of  a  lens. 

3oth  above  and  bdow  it :  when  The  elevation  of  temperature  pro- 

im  had  pressed  the  piston  to  the  duced  in  these  experiments   being  so 

ras  allowed  to  escape  to  the  oon-  little  above  that  of  the  atmosphere.  Dr. 

;  and  steam  was  admitted  above  Ure  was  of  opnion  that  the  influence  of 

8  it  down  into  the  vacuum  pro-  the  air  did  not  affect  the  results.    The 

dow  by  condensation,  in  the  same  water  in  the  basin  weighed  32,34 0  grains, 

3  steam  above  escaped  into  the  and  the  globe  was  held  steadily  in  its 

ser ;  and  the  steam  entering  below  centre  by  a  slender  ring  round  its  neck, 

iie  piston  up  into  the  vacuum,  so  The  experiments  were  repeated  a  num- 

Bd,  thus  enabling  the  engine  to  her  of  times  with  corresponding  results, 

reat  power,  without  the  aid  of  at-  which    are    stated    in    the    following 

aic  pressure.  table  : — 


Tahlk  of  Latent  11 
V.-ipaurof  Walern!  ils  boiling  [loint 

Akohol,  ■[".gr.  8'« 

Elliet,  boiling  point  119-  .... 

relrolcum 

Oi  of  Turpentine    

Kincicid.  >p.  gr.  1.131}  boil 
Li<(iBd  Ammunia,  (p.  gr.  0.9' 
Vinegar  sp.gr.  LOOT    


portion  lDlhe  degree  of  pressure  under 
which  it  is  produced,  being  least  when 
the  pressure  is  gi-eateat. 

M.  Clement  connected  a  small  ste[(jii. 
boiler,  capable  pf  bearing  a  hiph  decree 
of  pressure,  by  means  of  a  pipe  with  a 
pven  quantity  of  water,  at  a  known 
temperature,  in  a  bucket,  into  which  he 
admitted  steam  at  the  temperature  of 
41-2^ for sOinetime,  and  tlitn  measured 
the  increase  O'f  heat  and  of  bulk  which 
the  water  had  received  by  the  conden- 
aation  of  steam.  Wutcr  wiis  siext  heated 
in  the  boiler  until  the  steam  had  twice 
the  elasticity  which  it  possesses  at  21 2°, 
Tliis  steam  l)eing  admitted  into  another 
quantity  of  water,  equal  to  the  first, 
until  its  volume  was  mcreased  in  the 
iante  decree,  when  he  found  that  the 
snroe  qu:Lntity:  of  heat  had  been  im- 
parted. He  tried  the  experiment  also 
with  steam,  theejaslicforceof  which  was 
equal  to  three  atmosplieres,  and  ob- 
tained a  similar  result. 

From  these  experiments  he  inferred 
that  e»i-,ml  weighls  of  steam,  of  what- 
soever temperature,  contain  etjuaJ  quan- 
tities ofbeat  thelatent  heat  dimmish - 
in^  as  the  sensible  heat  Increases. 

Tlie  following  Tablx  of  the  elastic 
force  of  the  vapour  of  water  in  inches 
of  mercury,  is  by  Dr.  Ure: — 
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The  small  steam-boiler  a,  (/Ig.  IG,) 
is  as  convenient  as  any  tAat  hu 
been  contrived  for  experiment!  on 
latent  heat.  The  boiler  is  furnished 
Fom.  with  two  stop-cocks,  l>  and  d,  to  tlM 
3. 300  latter  of  whit^  is  screwed  the  pipe*: 
3 .  em  when  the  latent  heat  of  vapour  is  to  bt 
4. 366  determined,  water  is  put  into  the  boilff, 
5.010  and  made  to  boil  by  the  application  of 
5.110  an  Argand  lamp/.-  the  end  of  the  pipe 
6.600  rtheing immersed  in  a  Riven  quantih'  of 
B '^nn  "'^''^''  i"  avessel  e,  furnished  with  a 
I  «no  thermometer  A.  After  the  water  has 
0  800  '*^''*^  for  some  time,  the  increaae  of 
9  050  w^ght  of  the  water  in  the  vessel  ^  nwy 
3^550  ^^  ascertained,  and  then  the  indication 
SJ60  of  the  Ihermometer  will  show  how 
6.900  much  heal  has  been  imputed  to  Uw  ^ 
9 .  000  water  by  the  condensation  of  a,  quantHj  \ 
1 .  100  of  steam  equal  to  the  incresM  otwdghL  i 
3.600       The  effect  thus  produced  nut;  be  com- 


ucd  with  !hat  which  woulil  result 
om  the  addition  of  an  equal  wesirlit  of 
nilini;  water ;  and  it  will  be  found  that 
given  vrcieht  of  Htcam,  ut  ■Hi',  has 
le  power  of  heating  water  many  times 
lore  than  art  equal  weiirht  of  water  at 
le  same  temperatisre.  Tlie  tliermo- 
leltTcpasse.i  through  a  collar  Into  the 
xlero,  for  the  purpose  of  ascertaining 
le  heat  of  its  contents. 
Dr.  lire  remarks  that  it  is  the  greatly 
iperior  relation  to  heat  whieh  steaia 
Mtesses  above  water,  that  makes  the 
liling  point  of  that  fluid  so  perfectly 
ationary,  in  open  vessels,  over  tlie 
rongest  fires ;  and  he  found  that  va- 
lura  which  have  less  latent  heat  are 
it  capable,  by  their  formation,  of 
Wping  their  respective  hqiiids  while 
uing  at  the  same  uniform  Icmpcra- 
«•,  This  he  found  to  l>e  the  case 
ith  oil  of  turpentine,  petroleum  and 
ilphuric  acid,  which  beinj;  heated 
^■kly  in  common  ^lass  phiab,  they 
•e  from  twenfyto  thirty  d^rees  above 
c  points  at  which  they  boiled  in 
mispherical  capsutes. 
The  ^aaes  b»ng  similar  to  vapour  in 
eir  high  relation  to  heat,  when  they 
iter  into  liquid  or  solid  states,  heat 
copiously  evolved.  The  liitation  of 
Lseous  matter  in  the  burning  of  bodies, 
««Bioiung  the  evolution  of  heat,  was 
Aeved  by  Lavoisier  and  othern  to  be 
a  sole  source  of  heat  in  the  process  of 
(nbuition.  The  cause  of  ebullition,  or 
•ling,  is  the  formation  of  vapour  at 


the  bottom  of  a  VMsse),  in  cimseqnbncc  of 
the  application  of  heat  then; ;  tlic  vapour 
beini^  so  much  lighter  than  the  huiil, 
buhbles  of  it  continually  rise  to  the  sur- 
face and  escape ;  the  passage  of  these 
vapour  bubbles  tiirough  the  water  pro- 
duces that  agitation  which  is  called 
boiling,  or  ebullition.    Under  tlie  usual 

tiressurc  of  the  air,  water  hoils  near  tlic 
Evel  of  the  sea  at  212''  of  Fahrenheit ; 
but  when  that  pressure  is  reduced,  less 
heat  is  sufficient  to  produce  ebullition  ; 
as  when  water  is  carried  up  the  side  of 
a  mountain,  the  greater  the  height,  the 
less  hoftt  will  be  required  to  make  the 
water  boil,  because  a  great  proportion 
of  the  heavy  column  of  air  which  occa- 
sions the  pressure  is  left  beneath.  Upon 
this  principle  the  thermomelric  liaro- 
meler  of  the  Key.  Mr.  Wollaston  is 
constructed,  which  indicates  the  eleva- 
tion of  any  place  above  the  level  of  the 
sea,  by  the  difference  in  the  lieat  re- 
quired to  make  water  boil  at  tliat  elc- 
vaUon.  A  difference  of  one  d«gree 
in  the  boiling  point  of  water  is  occa- 
sioned by  a  difference  in  height,  which 
lowers  the  barometer  O.SH'J  of  an 
inch,  and  corresponds  very  nearly  to  a 
difference  of  elevation  amounttiig  to 
52  U  feet. 

Saussiire  found  that  water  boils  at 
the  top  of  Mont  Blanc  when  heated  to 
I  a?  degrees. 

The  boiling  point  of  water  difFers  ac- 
conling  to  the  state  of  the  air:  when 
tlie  baroiueler  stands  at  31  inches,  more 
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heat  is  required  to  make  water  bod  beeanse,  by  the  action  of  the  pomp, 

than  when  it  is  at  28  inches.  pressure  ^  the  air  is  greatly  reau 

Ex.  The  effect  of  a  reduced  pressure  This  experiment  proves  the  utility  ol 

in  promoting  the  vaporization  of  fluids  air^s    pressure;   for  without    it    n 

may  be  illustrated  with  the  aid  of  an  would  oe  incapable  of  remaining  in 

air-pump.    A  portion  of  water  below  fluid  state,  and  would  aU  assume 

the  Doiling  point  bdng  put  into  a  small  staste  of  vapour, 
ghiss  jar,  and  placed  under  the  receiver        Dr.  Ure    has    given    the    follow 

of  an  air-pump,  on  exhausting  the  re-  table  in  his  Dictionaiy  of  Chemii 

oeiver  ebuUition  will  commence  with  of  the  boiling  points  of  the  most 

great  violence,  and  continue  until  the  portant  liquids  according   to  Fah 

water  is  reduced  to  7(P  of  Fahrenheit,  neit*s  scale : —   • 

T^BLB  of  Boiling  Points. 

Ether. ...   sp.  gr.  0.7865  at  48^    ....    G.  Luuac. .    100 

Carburet  of  ralphur   Ditto IIS 

Alcohol,  sp.  gr. . .    0.81S..... Ore 178.5 

Nitric  acid 1 .500 Dalton      .  •  810 

Water    818 

Saturated  sol.  of  Glaub.  talt Biot 818^ 

Ditto        Sugar  of  lead Ditto 815| 

Ditto        Sea  salt    Ditto 884{ 

Muriate  of  Lime  . .    1       +  water  8         Ure 880 

Ditto 85.5    +ditto64.5    Ditto 885 

Ditto 40.5    +  ditto  59.5     Ditto 840 

Muriatic  acid   ....    1.094.... Dalton      ..  888 

Ditto 1.187 Ditto 888 

Ditto 1.047 Ditto 888 

Nitric  acid    1.45 Ditto 840 

Ditto 1.48 Ditto 848 

DiUo 1.40 Ditto 847 

Ditto 1.85 Ditto 848 

Ditto 1.80 Ditto 886 

Ditto 1.16 Ditto 880 

Rectified  petroleum Ure 806 

Oil  of  turpentine Ditto 816 

Sulph.acid.sp.gr.  1.80 Dalton 840 

Ditto 1.408 Ditto 860 

Ditto 1.580 Dttto 890 

Ditto 1.650 Ditto 350 

DiUo 1.670 Ditto 860 

Ditto 1.699 Ditto 874 

Ditto 1.780 Ditto 891 

Ditto 1.780 Ditto 485 

Ditto 1.810 Ditto 478 

Ditto 1.819 Ditto 487 

Ditto 1.887 Ditto 501 

Ditto 1.888 Ditto 515 

Ditto 1.848 Ditto 545 

Ditto 1.847..: Ditto 575 

Ditto 1.848 Ditto 590 

Ditto   1.849 Ditto 605 

Ditto 1.850 Ditto 680 

Ditto 1.848 Ure   600 

Phosphorus    554 

Sulphur 570 

Linseed  oil     640 

Mercury  (Dulong  6680) 656 

The  vapours  which  arise  from  these  inches  of  mercmy,    but  the  ¥tpo 

liquids,  at  their  boiling  points,  are  ca-  arising  at  inferior  temperaturei  h 

pable  of  balancing  a  pressure  of  the  less  daitic  power, 
atmosphere  eqiuyalent  to  that  of  thirt]f 
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The  low  teomerature  at  which  water  RWat  violence,  nnd  will  continue  unlil 
boUa  in  »acno,  nuiy  be  illu«tr»tel  by  the  water  in  the  flask  is  nearly  cold, 
wiother  experimenL 

Ex.  Adapt  a  )^od  cork  covered  on 
the  upper  part  with  a  thick  coating  of 
sealing-wax,  to  a  gloM  flask  with  a 
lone  neck  a  (Jig.  17);  put  water 
to  the  depth  of  about  an  inch  and  a 
half  into  It,  and  aptiy  Uie  heat  of  a 
spirit-lamp  until  it  Doili ;  pennit  the 
Ixnliiw  to  continue  for  a  short  time,  and 
then,  lia<ring  put  on  a  worsted  ^ove,  in- 
troduce the  cork;  press  it  down,  andre- 
more  the  floak  from  the  lamp.  The 
water  will  boil  a  little  after  the  heat 
ceases  to  be  applied.  On  nlungmg  the 
Itask  into  the  jar  b,  containing  cold 
wmter.  the  boiling  will  reeommenee  with 


If  the  flHsk  is  taken  out  before  ihe    (rrae  of  heat.    At  242  ilcp^ees  tlie  elu- 

boilini;  cpnscH.  anil  is  plunged  into  l)ot    ticity   of  the    steam    will    balance  t 
water,  it  i>ill  immetliately  slap  hnilini;. 
bein;;  re-pliin^'l  into  the  cold  water  the 
boiliiiK  will  bepn  nguin. 

In  this  experimeiil  the  nir  is  exclu- 
ded, and  the  vessel  is  lillud  hilll  sleiim 
before  the  cork  is  intriKliic-«l.  Tlie 
vessel  bein^removed  from  the  lamp,  tlie 
water  boils"  a  little,  because  the  air  of 
the  fttmosphei-e  cominE;  into  contact 
with  its  sides,  condenses  a  portion  of 
(he  steam  within,  and  thus  lessen- 


}  Ihiil  i1 


pressure  upon  its  si 

enabled  to  boil.  allhouf;h  its  temi>cra- 

ture  be  reduced. 

When  the  flask  is  plnn^  into  cold 
water,the  steam  within, losing  its  Intent 
heat,  is  condensed ;  and  the  water,  boine 
bjr  its  condensation  fi^cd  from  pressure, 
^iis  with  violence. 

If  the  flnsk  be  now  j>lun{|;ed  into 
water,  near  the  boiUne  point,  it  will  in- 
ftantly  cease  to  boil,  because  tlie  heat 
will  convert  a  sijiall  portion  of  the 
water  within  the  flask  into  vapour, 
whidi,  occasioning  a  new  pressure,  (ire- 
TCiitfl  the  water  from  boiling  in  its  cooled 
■tate ;  or  bring  re-plunged  into  the  cold 
water,  tliis  minute  quantity  of  vapour 
is  condensed,  and  Ihe  water  in  the  flask 
txiils  again. 

When  fluids  are  siibjectiod  to  a  ereiiter 
degree  of  pressure  than  that  of  the  at- 
mospliere,  thev  require  hiither  degrees 
of  lieat  to  raalce  tlicm  boil.  The  ap- 
paratus, (fig.  18,)  is  well  adapted  to 
illustrate  this  fact.  The  hollow  globe  a 
is  comp  )sed  of  two  strong  hemispheres 
of  brass,  screwed  togetherwilh  flanijes: 
some  quicksilver  is  first  poured  mto 
this  glo'ie,  which  is  then  about  half 
fliled  vrilh  water ;  the  barometer  tube 
b  passes  through  a  stenm-tight  collar, 
and  has  its  end  immersed  in  the  quick- 
silver; c  is  a  ihermoraeler  for  the  pur-  column  of  quicksilver  thirty  inches  high, 
pose  of  ascertainine  the  temperature  of  which  is  equal  to  the  pressure  of  ooe 
Ihe  watir  durine  the  experiments;  its    atmosphere. 

scale  is  graduatM  as  tugli  as  4I}U°,  and  The  facility  with\vhich  steam  imnaitt 
|Misxes  through  a  steam-tight  collar ;  d,  its  vast  treasures  of  heat  to  any  uody 
IS  Ihe  brass  frame  and  stand  upon  colder  than  itself,  tils  it  admirably  for 
which  the  >;lol>c  rests;  e  is  a  spirit  lamp,  many  purposes  in  domestic  life  and  the 
and/  is  an  aperture  closed  liy  a  stop-  arts.  Heat  applied  in  this  way  is  much 
cock.  The  slop-cock  being  closed,  and  nreferable  to  the  heat  of  a  fire,  for  mak- 
heat  applied  to  this  vessel,  llie  tem|)e-  m^  extracts  of  vegetables  in  pharmaceu- 
rature  of  the  water  soon  rises  alwve  the  tical  preparations,  for  heating  dyci-s'  and 
trailing  jmint.  When  the  heat  arrives  at  brewers'  vats,  for  the  preparation  of 
21S  di^^vesthemerciiry  will  be  elevated  colours,  for  warming  baths,  for  drying 
to  six  inches  in  Ihe  tube,  by  llie  elastic  manufaclured  goods,  for  heating  apart- 
ptessurp  of  the  steam  ;  at  224  the  mer-  ments,  and  for  culinary  opentionn. 
ciiry  will  have  ascended  twelve  inches,  Steam  maybe  ajipliedin  twodifinrent 
iisiii<;  an  iiu'h  for  evny  increased  de-    ways  for  the  pmpase  of  heatinf[  large 
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quantities  of  fluids :  in  one  of  these,  the  for  cookinc:,  steam  will  nish  into  them, 

end  of  a  pipe  convej  ing  steam  from  the  and  heat  them  to  the  boiling  tempera* 

boiler  is  immersed  m  the  liquid  to  \xi  ture,  and  maintain  them  at  the  same 

heated ;  the  steam  issuing  from  the  pipe  as  long  as  the   water  in   the  boiler  is 

is  condensed,  and,  its  latent  heat  bein^  kept  in  a  state  of  ebullition.     Animal 

•et  free,  raises  the  temjwrature  of  the  food  prepared  in  this  way  is  eonsidered 

liquid.     When  steam  is  apnlied  in  this  by  the  best  judges    to  be  more  nutriti- 

way  to  the  contents  of  vessels,  they  can-  ous   and  easier    of  digestion  than  the 

not  be  heated  higher  than  within  two  or  same  kind  of  food  boiled  in  the  usual 

three  degrees  of  the  boiling  point,  al-  way. 

though   the  water  seems  to  noil :  the  jj,            . . 

quantity  of  water  must  also  \)e  greatly  JiV(^ration, 

increased  by  the  condensation  of  the  The  doctrine  of  latent  heat  is  l)eauti- 

Kteam,  in  this  way  of  applying  it ;  and  fully  illustrated  by  the  effects  of  evapo- 

this  circumstance  would  be  unfavour-  ration.     Since  fluids,  when  they  evapo- 

able  to  some  processes.    The  other  way  rate,  require    that  large  quantities   of 

of  applying  it  is  to  enclose  the  \essel,  sensible   heat  should  enter  into  them, 

steam>fight,  within  another,  ])ennitting  and  become  latent,  to  enable  them  to 

steam  to  occupy  the  space  l)etween.    In  assume  the  expanded  state  of  vapour, 

this  way  the  water  may  be  brought  to  a  all  evaporation  produces  cold.     On  this 

bt)iling  heat,  much  sooner  than  if  the  account,  showers  in  summer  cool  and 

vessel  containing  it  were  placed  over  an  refresh    the   earth,  because  the  water 

open  fire.  which  is  spread  over  its  surface  evapo- 

Mr.  Parkes  made  an  experiment  with  rates  quickly,  and  carries  away  with  it 
a  vessel  of  this  kind,  intended  for  pre-  the  sui>erfluous  heat, 
paring  colours :  its  diameter,  at  the  top,  Ex.  The  experiment  of  Dr.  Cullen, 
was  twenty  inches ;  it  was  eighteen  already  alluded  to,  by  which  water  was 
inches  deep,  in  the  fbrm  of  an  inverted  frozen  round  a  phial  of  ether,  under  a 
bee-hive,  and  calculated  to  hold  twenty  receiver,  exhausted  by  the  air -pinup, 
gallons.  Being  filled  with  cold  water,  illustrates  the  effect  of  evaporation  m 
at  5*2°  Fahrenheit,  steam  was  admitted  producing  cold.  Tlie  experiment  is  now 
into  the  space  between  the  two  vessels,  usually  performed  by  setting  a  watch- 
In  six  minutes  the  temperature  of  the  glass  containing  water  upon  a  stand, 
twenty  gallons  of  water  was  raised  to  under  the  receiver  of  an  air-pump ;  a 
190°,  in  eight  minutes  to  *200°,  in  ten  thin  metallic  cup,  containing  ether,  is 
minutes  to  208'^,  and  in  eleven  minutes  placed  in  the  middle  of  the  watch  glass, 
to  212°. — Parkes  Chemical  Essays^  As  tJie  exhaustion  proceeds  the  rapid 
vol.  V.  p.  46.  c\aporation  of  the  etner  makes  it  boU, 

It  is  estimated  that   one  gallon  of  and  the  water  to   freeze  at  the   same 

water   converted  into  steam,  will  heat  time ;  so  that  the  metallic  cup  will,  in 

six  gallons  at  5U°  to  the  boiling  point,  or  a  short  time,  be  fixed  in  the  centre  of  a 

eighteen  gallons  from  50°  to  100°.  mak-  cake  of  ice. 

ing  abundant  allowance  for  waste.  Fluids  evaporate  in  vacuo  at  degrees 

The  heat  imparted  to  the  air  by  steam-  of  temperature  from  1 20°  to  1 25°  below 

pipes  is  pecuharly  elegible  for  warming  their  boiling  point,  when  exposctl  to  at- 

apartments ;  dittusing  a  genial  and  de-  mospherical  pressure.     Advantage  has 

lightful  warmth,  combining  comfort  with  l>een  taken    of   this    circumstance    in 

cleanliness  and    safety.      Calculations  Howard's  plan  for  refining  sugar,  and 

applied  to  the  warming  of  manufactories  in  plans  for  ])reparing  pharmaceutical 

by  steaii.  make  it  appear  that  one  cubic  extracts  in  vacuo.    The  boiler,  or  eva- 

loot  of  boiler  will  heat  about  two  thou-  porating  vessel,  of  Mr.  Barry's  appara- 

sand  cubic  feet  of  space,  to  the  tempera-  tus  for  this  purpose,  is  connected  by  a 

ture  of  70°  or  80° ;  and  that  one  foot  of  pipe,  having  a  stop-cock,  with  a  copper 

surface    of  steam-pipe  is  sufficient  to  sphere,  thieve  or  four  times  as  large  as 

warm  200  cubic  feet  of  space.     Cast-  itself.     When  the  juice  or  infusion  to  be 

iron  pipes  are  considered  best  for  difl'us-  inspissated  has  l)een  introduced  into  the 

ing  heat,  and  they  should  be  placed  near  boiler  or  still,  it  is  closeil  air-tiglit,  the 

the  floor.  stop-cock  between   the   boiler  and  the 

Steam  is  a  most  effectual  and  con-  copper  spluTC  l)eing  shut :  steam  is  then 

•anient  agent   for  preparing  food.    A  introiUiced  into  the  latter  until  it  issues 

close   boiler,  of  any  kind,  lieiiig  con-  out  at  an  aj)erture  uncondensed,  when, 

ncct4kl  with  a  range  of  vessels  intended  the  ajxTture  being  closed,  the  steaui  :s 


eondenied  by  permittinF;  it  to  msh  into  n 
Refrigerator  immerticd  in  cold  water. 
The  stnu  cock  in  the  pipe  leadinK  from 
the  boiler  is  then  opcnt^d.  and  a  Inrge 
proportion  of  iti  air  rushes  into  the  ex- 
haiMted  sphera.  Tliis  process  is  riN 
pealed.  until  the  v&cuum  in  the  boiler 
u  suffioienay  perfect.  Heat  is  applied 
to  the  boiler  by  a  wHter-balli,  The  pe- 
cnlivitiei  of  this  plan  are  the  produc- 
tion of  a  vacnum  ivithont  the  aid  of  an 
air-pump,  and  the  particular  methods 
used  for  condensation. 

By  combining  the  exhaustion  of 


acid ;    the  air-pump  being  partly  ex- 
hausted, vapour  was  raised  abundantly 
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the  g 

nishc(lwithastop-cockandvland,amica- 
pable  of  being  attached  to  the  air-jiump ; 
c,  the  flat  ([lais  dish  for  holcline  ihe  sul- 
phuric add;  d,  llie  vessel  containing  the 
water  to  be  tiroien,  supported  upon  a 
stand ;  s  is  a  cover  attached  to  a  slidini;- 
rwL  Bvtliis  process  ice  may  be  readily 
obtained,  in  small  quantities,  at  any  sea- 
son of  the  year,  Whe:i  the  water  to  be 
Iroieii  )ias  l>een  previously  deprived  of 
air  by  boiling,  the  process  of  conjjela- 
tion  goes  on  more  slowly,  but  the  ice 
formed  acauirea  a  greater  decree  of 
solidity.  The  process  may  be  stopped 
by  lowering  the  cover  o,  upon  the  vessel 
mntaining  the  water ;  and  it  proceeds  as 
before,  the  mmuccit  the  cover  is  raised 


up  agun.  A  laucer  of  poroui  earthen- 
ware is  best  adapted  tor  holding  th* 
water;  and  other  absoiboita,  ludi  u 
parched  oatmeal,  the  powder  of  mould- 
ering whinstone,  porous  if^nited  [necei 
of  muriate  of  lime,  and  even  the  diy 
powder  of  pipeclay  may  be  used  initeid 
of  sulphuric  acid.  A  hemispherical 
porous  vessel  of  earthenware,  contiming 
one  pound  and  a  quiiter  of  water  wh 
placed  by  Mr.  Leslie  over  a,  body  of 
parched  oatmeal,  one  toot  in  diameter, 
and  one  inch  deep:  by  woridng  the 
pump  for  some  time,  the  whole  of  the 
water  was  frozen. 

The  natives  of  India  dexterousb 
avail  themselves  of  the  combined  ef- 
fects of  radiation  and  evaporation,  for 
the  purpose  of  obtaining  a  supply  of 
ice,  wh^  the  temperature  of  the  air  is 
much  higher  than  the  freezing  point 
Excavations,  aliout  thirty  feet  squait 
and  two  feet  deep,  ore  made  in  the 
large  open  plains  near  Calcutta ;  these 
excavations  are  covocd  at  the  bottom, 
to  the  depth  of  about  a  foot,  with  the 
dried  stalks  of  Indian  corn  or  suni- 
canes.  Rows  of  small  ungUied  eartooi 
vessels,  about  an  inch  ukl  a  quaits 
deep,  are  placed  upon  this  bed.  Soft 
water  which  has  been  boiled,  and 
suffered  to  oool,  is  poured  into  these 
vesseb;  in  the  dusk  of  the  eveiun^, 
in  Decembo-,  January,  and  Fehruuy, 
part  of  the  water  is  usually  froxeo  when 
llie  weather  is  clear.  The  ice  is  col- 
k>cted  at  sunrise,  and  thrown  into  a 
deep  pit,  which  is  lined  with  straw  and 
coarse  blanketing ;     the  mouth  uf  the 

Eit  is  closed  up  vnlhstraw,and  sheltered 
y  a  thatched  roof. 
Quicksilver  may  be  froiai  by  the 
united  influence  of  evaporation,  raie- 
faction  and  abairption.  A  portion  of 
the  metal  being  put  into  a  hollow  pear- 
shaped  piece  or  ice,  it  must  be  sus- 
pended over  a  large  surfiLce  of  sul- 
phuric acid;  when  the  exhaustion  of  the 
receiver  is  made  as  complete  as  posii-  , 
ble,  Ihe  quicksilver  will  be  froien,  awl 
may  be  kept  in  a  solid  state  for  several 
hours.  Other  modes  of  effecting  the 
congelation  of  quicksilver  have  beet 
adopted  with  success. 

Dr.  Ure,  in  liis  I^ectures  at  Glawcnc. 
recommended  several  olans  for  e&ct- 
iiur  the  congelation  oi  wato-  in  con- 
siderable quantities.  A  series  of  cast- 
iron  plates,  ground  so  as  to  fit  the 
recdvers  accurately  wliich  were  placed 
upon  them,  were  attached  In  an  ur- 
pump,   t>y  screws  and   stop-eucks,   s« 
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n  tbe  receivers  might  be  exhausted 
Muiie  time.  Another  and  more 
111  plan  was  to  fill  a  cast-iron 
er  or  drum,  of  considerable  di- 
ms, with  steam,  by  boiling  a 
quantity  of  water  in  it;  the  air 
expellea,  the  steam  is  condensed 
d  water.  A  vessel  of  sulphuric 
jid  another  of  water,  being  plao^ 
a  receiver,  upon  a  plate  attached 
i  drum  by  a  pipe  with  a  stop- 
and  a  communication  made  with 
chausted  drum,  the  air  in  the  re- 
will  be  rarefied  so  as  to  occasion 
mgelation  of  the  water.  If  the 
m  in  the  cylinder  could  be  made 
'  perfect,  its  size  being  sixty  times 
r  than  that  of  the  receiver,  the  air 
i  the  latter  would  be  rarefied  sixty 
;  and  the  moisture  of  the  cylinder 
be  excluded  by  turning  the  stop- 
again,  after  the  communication 
ien  effected. 

!  effect  of  evaporation  in  with- 
ng  heat  is  admirably  illustrated 
e  process  of  perspiration.  The 
d  temperature  of  the  human  body 
an  96**  to  98®;  but  when  we  take 
ictive  exercise,  or  when  we  are 
ed  to  a  great  dejppee  of  heat, 
is  a  tendency  to  a  nse  of  tempe- 
above  that  which  is  conducive 
Ith ;  and  the  most  injurious  effects 
ensue,  if  theywere  not  prevented 
rspiration.  Whenever  this  ten- 
be^ns  to  be  experienced,  a 
r  fimd  is  brouj^t  to  the  siufacc 
skin,  that,  by  its  evaporation,  the 
may  be  cooled  to  the  healthy 
rature. 
imples  of  the  power  of  the  human 

0  support  heat,  under  apparently 
rous   <;ircum stances,    have    been 

1  upon  record.  Sir  Joseph  Banks 
ir  Charles  Bitumen,  being  anxious 
ertain  the  highest  degree  of  heat 
he  human  bcdy  can  endure  with- 
ijury,  went  into  an  apartment 
■ed  for  their  reception  by  Dr. 
ce.  The  account  given  of  this 
ment  by  Sir  Charles  Blagden  may 
n  in  the  Philosophical  Tranxac- 
for  1775,  pp.  Ill  and  484.  The 
ratine  of  the  room  was  gradually 

until  it  became  52®  hotter  than 
;  water,  as  indicated  by  thermo- 
j  in  different  parts  of  the  room. 

persons  may  feel  disposed  to 
the  correctness  of  these  indica- 

but  they  were  abundantly  con- 

1    by    other   circumstances    ob- 

at  the  time.     The  gentlemen 


found  that  thdr  watch-chains,  and  all 
other  metallic  articles  about  their  per- 
sons, were  so  hot  that  they  could  not 
bear  to  touch  them  ;  eegs  placed  upon 
a  tin  firame  were  roastedhard  in  twenty 
minutes,  and  a  beef-steak  was  overdone 
in  thirty-three  minutes. 

Notwithstanding  the  extraordinary 
degree  of  heat  to  which  the  experi- 
menters were  exposed,  the  temperature 
of  their  bodies  was  not  raised. 

It  is  affirmed  that  evaporation  did 
not  take  place  from  the  skin  ;  but  it  is 
difficult  to  imagine  that  uiey  could 
have  remained  so  long  under  the  cir- 
cumstances described  without  the  pro- 
tecting influence  of  perspiration,  espe- 
cially as  it  is  well  known  tlutt  copious 
perspiration  is  usually  the  resmt  of 
exposure  to  hi^  degrees  of  heat. 

Apartments  m  India  are  often  sepa. 
rated  from  the  courts  by  curtains  m- 
stead  of  walls;  and  these  curtains,  in 
order  to  cool  the  air  in  the  rooms,  are 
continually  sprinkled  with  water,  the 
rapid  evaporation  resulting  occasions 
a  reduction  of  temperature  from  10  to 
15  degrees. 

The  porous  vessels  of  earthenware 
which  are  used  for  wine-coolers  act 
upon  the  same  principle ;  bdnjB^  dipped 
in  water,  they  imbibe  a  quantity  of  it, 
which  gradually  evaporates ;  and,  as  a 
part  of  the  heat  necessary  to  convert 
the  water  into  vapour  will  be  taken 
from  a  bottle  of  wine  placed  in  it,  the 
wine  is  considerably  cooled. 

The  people  who  cross  the  deserts  of 
Arabia  in  large  parties  called  Caravans, 
load  camels  with  earthenware  bottles 
filled  with  water,  and  preserve  the 
water  at  a  cool  temperature  on  the 
principle  of  evaporation,  by  wrapping 
the  jars  in  linen  cloths,  whidi  they  keep 
moist  with  water. 

According  to  Athenseus,  the  Egyp- 
tians availed  themselves  of  the  same 
principle.  Servants  were  employed 
during  the  night  to  keep  pitchers  of 
water  constantly  wet,  that  the  water 
might  be  cooled  by  evaporation ;  and  to 
preserve  it  at  the  low  temperature  to 
which  it  was  thus  brought,  the  pitchers 
were  bound  round  with  straw  in  tbe 
morning. 

Dr.  Wollaston  has  invented  an  ele- 
gant instrument  for  the  purpose  of  il- 
lustrating the  effect  of  evaporation  in 
producing  cold,  and  calls  it  the  Cryo- 
phoru9,  or  frost-bearer.  It  consists  of  a 
glass  tube,  from  eighteen  inches  to  two 
£ieet  in  length,  havmg  an  internal  die- 
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meter  of  onc-cisrlith  of  an  inch;  the 
tulxf  is  l)ent  into  rijrht  angles  near  the 
ends,  both  of  which  are  terminated 
by  bulbs   i/ig.  20.)     One  of  the  bulbs 

Fig.  20. 


is  nearly  half  filled  with  water,  which 
Iwinu:  made  to  buil,  the  air  is  expelled 
from  tlie  tube  and  tjulbs,  wliich  remain 
filled  with  steam ;  the  open  bulb  is 
then  closed  by  meltinc:  the  ^hiss  at  its 
capillar>'  termination.  The  instrument 
havini;  hei'n  thus  prepared,  is  ready  for 
use.  When  the  empty  bulb  is  im- 
merseil  in  a  mixture  of  salt  and  snow, 
the  vapour  exist iui^  within  it  is  con- 
densiNJ,  a  vacuum  is  produced,  which, 
ri'moving  pressure  from  the  surface 
of  the  water  in  the  otlier  bulb, 
iiiables  it  to  eva])orate  rajnilly;  the 
vapour  iH'inii:  condensed  as  fast  as  it  is 
produced,  the  water  is  therefore  si)eedily 
frozen,  although  it  may  be  at  the  dis- 
tance of  two  or  tliree'  feet  from  the 
bulb  which  is  immersed  in  the  cooling 
mixture. 

Wlien  the  human  frame  has  been 
exposed  to  a  conMdoral)!^  decree  of 
lieat,  and  the  clothes  have  become 
moist  with  pers])iration,  dani::cr  is  in- 
cun'cd  by  sudden  and  continued  ex- 
posure to  air  of  a  lower  temperature, 
on  account  of  the  cold  produced  by 
evai)oration,  by  which  the  body  is  liable 
to  be  too  much  reduced  in  temperature. 

The  bulb  of  a  mercuiial  thermome- 
ter, being  surrounded  \\'\\\\  cotton  or 
tow,  kept  moist  with  ether,  and  ex- 
I)osed  to  n  current  of  air,  the  tempera- 
ture of  the  quicksilver  may  be  reduced 
far  below  zero  of  Fahrenheit's  scale. 

A  small  animal  would  be  deprived 
of  its  vital  heat,  in  a  very  short  time, 
by  exi)Osure  to  a  current  of  air,  while 
wet  with  ether. 

Kx.  The  instrument  called  a  pulse- 
glass,    {Ji^.  21.)  is  a  glass  tube  with 

7</7.  21. 
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a  bulb  at  each  end  of  the  folTn  re- 
presented. It  is  ]>artly  filled  with 
coloured  sj-irit  of  wine,  and  partly  with 
air;  when  it  was  closed  by  the  blow- 
pipe, a  portion  of  the  spirit  of  wine  had 


been  convertejl  by  heat  into  Taiwar, 
winch  occasioned  a  part  of  the  air  to 
be  expelled,  so  that  the  air  remaining 
within  is  very  thin  or  rare.  When  the 
bulb  which  contains  the  Uquid  is 
grasiMxl  in  tlie  hollow  of  a  warm  hand, 
tlie  air  al)ove  the  liquid  and  the  vapour 
mixtnl  with  it  are  expanded,  and  press- 
ing upcm  the  liquid,  force  it  over  to 
the  other  side;  the  bulk  of  the  liquid 
havimr  passed  over,  a  rapid  bubbliDg, 
similar  to  boiling,  instantly  commences; 
a  portion  of  spirit  of  wine  remfuns  ad- 
herinc:  to  the  surface  of  the  bulb ;  this 
small  portion,  being  converted  into 
vapour,  passes  over  along  with  a  por- 
tion of  the  expanded  air,  and  rising  up 
throutrh  the  liquid,  occasions  the  ap- 
pearance alluded  to.  Tliere  is  yet 
anotlier  circumstance  attending  tiiis 
exiK»riment  which  requires  to  be  men- 
tioned and  explained.  As  soon  as  the 
bui)blini:  l)egins,  an  intense  sensation 
of  cold  is  felt  in  the  hollow  of  the 
warm  hand,  on  account  of  the  heat 
which  is  suddenly  withdrawn,  to  enable 
the  spirit  of  wine  to  assume  the  state 
of  vapour;  for  this  change  cannot  be 
effi'cted  until  a  quantity  of  sensible 
heat  entei's  into  it,  and  liecomes  latent 
or  concealed  heat. 

The  air-thermometer  (Jig.  5,  page  lb) 
will  answer  well  to  illustrate  the  effect 
of  evaporation  in  producing  cold. 

I\.r.  A  little  ether  \mng  poured  upon 
the  bulb  of  this  instrument,  heat  will 
be  absorbed  during  the  evaporation, 
to  enable  the  ether  to  assume  the  exr 
panded  state  of  vapour ;  a  part  of  this 
neat  beini:  taken  trom  the  air  within 
the  instrument,  it  contracts  in  bulk,  and 
ix'rmits  the  liijuid  to  rise  considerably 
lii>;]ier  in  the  tube,  indicating  the 
quantity  of  heat  withdrawn. 

Distillation, 

In  the  pnicess  of  distillation  for  the 

t)urpose  of  obtaining  alcohol,  that  fluid 
laving  been  produced  b\'  fermentation, 
it  is  to  be  separated  from  the  watw* 
w  ith  which  it  is  mixed ;  and  that  distiller 
is  the  most  skilful  who  can  separate  the 
largest  (piantity  of  alcohol  at  the  least 
expense,  and  without  imparling  any 
disagreeable  flavour.  The  principle 
u])on  which,  the  separation  is  effected 
is  the  greater  volatility  of  the  alcohol, 
or  spirit  of  wine,  as  it  is  usually  called; 
consequently  it  assumes  the  state  of 
va]H)ur  more  readily  than  the  water 
with  which  it  is  mingled.    Tins  vapour 


v  broaght  into  conUct  vrilh  cold 
See*,  is  dniiived  of  its  latent  heat, 
)  eoiulensea  into  &  liquid :  this  is 
dediWhen  the  procesjt  is  carried  on 
n  ft  l>fS^  scale,  by  making  the 
OUl*  piss  through  a  de<icendin); 
vl  tube,  which  is  technically  called 
'orm,  and  which  is  immersed  in  a 
^  quantity  of  cold  nater  frequently 
Bwed, 

iM  the  varieties  in  the  process  of 
iUation  are  veiy  nnmerous,  it  is  not 
Tided  to  descnbe  them  here,  but 
f  to  explain  the  general  principles. 
•  foilowini;  experiment  will  assist  in 
IkininK  the  important  but  simple 
oess  of  the  distillation  of  alcohol. 
ii.  Into  a  Elass  alembic  a,  (j!g. 
>  put  a  mixture,  composed  of  one 


tincture  of  litmus  or  lulphato  of  indfgo. 
But  before  it  is  put  into  the  alemmc, 
lij^t  a  piece  of  paper,  and  plunge  it, 
while  burning,  into  the  mixture;  the 
flame  will  be  extinguished :  this  will 
prove  that  the  mixture  is  uninflammable. 
Apply  the  heat  of  a  spirit-lamp  6,  and 
in  a  very  short  time  Uie  lower  part  of 
the  distillatoiy  apparatus  will  become 
dim  with  moisture;  a  portion  of  the 
alcohol  will  be  raised  in  vapour,  and, 
coming  into  contact  with  the  sides  of 
the  vessel,  will  be  condensed,  but  this 
vessel  will  very  speedily  become  too 
hot  to  condense  the  vapour ;  it  will  then 
ascend  into  the  capital  of  the  alembic  c, 
and  being  there  condensed  by  tlie 
coldness  of  its  sides,  will  run  down 
into  the  groove,  and  from  thence  into 
the  receiver  d;  when  the  upperpartof 
the  apparatus  becomes  too  hot  to 
effect  condensation,  the  vapour  will 
pass  into  the  recdver  and  be  condensed 
there.  In  a  short  time  after  the  co- 
toured  mixture  boils,  a  small  quantity 
of  a  pure,  colourless  liquid  will  be  ac- 
iiilatcd  in  the  receiver ;  if  this  liquid 
be  poiared  into  a  saucer  and  a  piece  of 
burning  paper  be  applied,  it  will  take 
fire  and  bum  to  dryness.  Thus,  it  will 
be  proved  that  from  a  coloured,  unin- 
flammable mixture,  a  pure,  coiourlesa 
inflammable  spirit  may  be  obtained  by 
tlic  process  of  distillation. 

A  very  usefu]  form  of  still  ia  re- 
presenleo  ^g.  23 ;  a,  is  the  furnace ; 
6,  the  capital  of  the  copper  still ;  c,  a 
part  of  the  chimney;  d,  the  worm-tub, 
containmg  colli  water  for  condensing  the 
vai>our  that  enters  the  spiral  tube. 
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Mr.  Watt,  in  the  course  of  his  ex-  Vinegar,    subjected  to  distiUation,  is 

periments  on  watery  vapours,  was  led  freed  from  its  usual  colour,  and  ren- 

^o  expect  that   a  temperature  of  70°  dered  perfectly  pellucid.    It  was  found 

would  be  sufficient  for  the  distillation  impossible,  however,  to  distil  it  in  the 

of  water  in  a  vessel  exhausted  of  air,  usual  way  without  imparting  a  disa^piee- 

the   refrigerator    being    immersed    in  able  burned  kind  or  flavour ;  this  is 

snow.    The  experiment  was  tried  by  entirely  avoided  by  distillation  in  vacuo, 

him  and  succeeded ;  he  used  a  small  as   the   heat  of  the  vapour  raised  is 

still,  which  was  about  half  filled  with  only  130°  of  Fahrenheit's  scale, 
water  and  then  securely  joined  to   a        The  process  of  distiUation  by  which  a 

receiver,  having    an    aperture   below,  gaseous  bodyis  set  free  from  one  state  of 

As  soon  as  the  water  in  the  still  was  combination,  for  the  piurpose  of  making 

made  to   boil,   the  vapour   filled   the  it  enter  into  another,  is  of  a  different 

receiver  and  expelled  the  air  at  the  open  kind,   and  requires  Afferent  manage- 

aperture,  which  was  then  closed  witn  a  ment    This  may  be  illustrated  by  a 

plug.    The  still  was  then  cooled  by  brief  description  of  the  process  for  ob- 

being  set  on  ice,  which  occasioned  the  taining  liquid    muriatic  acid,  upon  a 

con&nsation  of  steam  in  the  receiver,  small  scale.    Five  parts  of  strong  sul- 

On  the  application  of  a  lamp,  steam  phuric  acid  having  been  added  to  six 

was  again   produced ;    and,  on    im-  parts  of    decrepitated    sea- salt,  in  a 

mersing  the  receiver  in  cold  water,  dis-  tubulated  glass  retort,  muriatic    add 

tiilation  proceeded  at  a  low  tempera-  gas  is  set  free,  and  is  made  to  pass 

ture.     Tiie  noise  of  boiling  was  dis-  through  water,  contained  in  a  series  of 

tinctly  heard  in  the  still,  although  the  glass  vessels,   called  Woolfe*s  bottles, 

top  of  it  scarcely  seemed  warm  to  the  which  are  so  contrived,  that  the  gas 

huid.    Mr.  Watt  found  from  this  "and  may  be  subjected  to  a  degree  of  pres- 

other    experiments,     conducted    with  sure,  for  the  purpose  of  facilitating  its 

greater  care,  that,  although  distillation  union  with  the  water.    Safety  tubes  are 

may  be  effected  with  very  little  heat  in  applied  to  prevent  danger    from   the 

vacuo,  no  advantage  in  rq^ard  to  the  elastic  pressure  of  the  gas,  and  also 

saving  of  fiiel  can  be  obtained,  as  the  from  its  sudden    condensation.     The 

latent  heat  of  the  steam  is  increased  in  process  being  continued  until  the  water 

Eroportion  to  the  diminution  of  sensi-  is  saturated  with  the  gas,  it  becomes 

leneat.  liquid  muriatic  acid. 

Distillation  in  vacuo  has,  not  with-        Ilesi)ecting  the  cause  of  liouefaction, 

standing,  been  adopted  in  several  cases,  vaporization,    and    other   pnenomena 

with  great  success,  where  excellence  in  which  have  been  described,  there  have 

the  products  of  distillation  is  the  prin-  been  differences  of  opinion.    Dr.  Black 

cipal  object  believed  that  those  changes  are  ooca- 

This  process  has  been  adopted  by  sioned  by  the  absorption  of  heat,  which 
Mr.  Henry  Tritton,  who  uses  a  still  remains  combined  with  bodies  that 
nearly  of  the  common  form,  which  is  have  changed  from  the  solid  to  the 
immersed  in  hot  water,  instead  of  being  fluid  state,  until  they  resume  the  solid 
placed  in  close  contact  with  fire.  Tlie  state  again ;  and  with  bodies  which 
pipe  proceeding  from  the  upper  part  of  have  changed  from  the  fluid  to  the 
the  still,  passes,  in  the  usual  way,  aeriform  state,  until  they  resume  the 
through  a  vessel  containing  a  large  fluid  state  again.  Although  Dr.  Black 
quantity  of  cold  water,  and  then  com-  did  not  express  himself  clearly  upon 
municates  with  a  capacious  vessel  this  point,  there  is  reason  to  behe\'e 
which  is  capable  of  being  exhausted  of  that  he  considered  the  caloric,  while  in 
air  by  an  exhausting  syringe,  or  air  a  latent  or  concealed  state,  to  be  corn- 
pump,  attached  to  it.  When  the  water  bined  with  the  bodies,  in  a  way  which 
surrounding  the  still  is  heated,  and  the  l>ears  a  strong  analogy  to  A^iH 
air  withdrawn,  distillation  proceeds  ra-  combination, 
pidly,  at  a  very  low  temperature.  Dr.  Irvine    maintained    that   when 

Tne  same  process  has  been  adopted,  heat  is  absorbed  by  bodies,  in  cp*~^' 

with  great   advantage,  in  the  distilla-  quence  of  a  change  in  ^6%       ?  {J 

tion  of  vinegar,  at  the  extensive  and  does  not  enter  into  com];^  j|j^    ^^™ 

admirably-manured  vinegar  manufac-  them,  but  exists  in  tbric  which  *iS? 

tor  of  Messrs.  Charles  Pott  and  Co.,  state  as  the  otJiewsed  qu^ntiK-  kI?^ 

on  the  Siurey-side  of  Southwark  bridge,  contain:   the  '  ^  '  "**^ 
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rendered  necessary  in  consequence  of  p-ec  of  cold  equal  to  91°  having  been 

an  enlai'ged  capacity  for  heat  wliich  the  produced  bv  its  ac^ncy. 
body  acquires  on  its  change  of  state.        Mr.  Walker,   by  successive  cooling 

Ingenious    arguments   have  been  ad-  of  the  materials,  succeeded  with  eight 

vanced  in  support  of  botii  tliese  opi-  parts  of  snow  and  ten  parts  of  diluted 

nions ;  and,  perhaps,  the  preponderance  sulphuric  acid,  in  reducnig  temperatui-e 

of  probability  may  be  in  favour  of  the  to  91°  below  zero  of  Fahrenheit. 
last  mentioned.  The  method  most  generally  used  de- 

pends upon  the  mutual  action  of  snow 
or  ice,  and  solid  salts  upon  each  other. 

Chapter  X.  Experiments  of  this  kind  were  made  by 

Falirenheit,   for  the  purpose  of  regu- 

_^^-. _.___,       ^,  ^  latinfif  the  commencement  of  his  scale. 

Of  Artiftaal  Modes  of  lowering  Tern-  Similar  experiments  have  been  made  by 

P^raiure.  many  others,  with  greater  effect  since 

that  time.     By  mixing  solid  dry  potash 

Intinsb  cold  may  be  produced,  upon  with  snow,  Lowitz  obtained  a  reduction 

the  principle  of  tlie  rapid  absorption  of  of  temperature  from  32°  to  —53°    With 

heat  by  bodies  when  they  pass  from  the  a  mixture  of  three  parts  diy  muriate  of 

solid  to  the  fluid  state.    The  effects  of  lime,  and  two  parts  snow,  he  succeeded 

freezine    mixtures    depend    upon  this  in  freezing  35  pounds  of  quicksilver. 
princime.    Solid  saline  substances  are        Fourcroy  and  Vauqudin    produced 

used  for  this  purpose,   some  of  them  cold,  by  mixtures  of  this  kind,  65°  below 

being    much     better     adapted    than  zero  of  Fahrenheit. 
others.  In  the  course  of  their  experiments, 

A  reduction  of  1 7°  may  be  obtained  they  found  tliat  a  saturated  solution  of 

by  saturating  water  at  a  moderate  tern-  ammonia  in  water  crystallized  at  —44° 

perature  with  nitre.    Muriate  of  am-  and  at— 56°,  was  converted  into  a  semi- ' 

monia  lowers  the  temperature  from  26°  transparent  mass,  and  lost  neariy  all  its 

to  28°.    Nitrate  of  ammonia  dissolved  pungent  odour.    At  the  last-mentioned 

in  its  own  weight  of  water  effects  a  re-  temperature  nitrous    acid   crystallized, 

duction  from  50°  of  Fahrenheit's  scale,  sidphuric  ether  became  thick  and  milky 

to  4°  of  the  same ;  and  a  mixture  of  at  —48°    and  at  length  fortned  a  white 

three  parts  of  muriate  of  lime  with  two  mass  composed  of  small  crystals.  Th^ 

parts  of  water,  lowers  the  thermometer  failed  in  all  their  attempts  to  solidify 

from  36°  to  1°  below  zero.  alcohol. 

It  was  discovered  by  Mr.  Walker,        Ammoniain  theformof  gas,  made  as 

that  a  greater  degree  of  cold  may  be  dry  as  possible,  was  exposed  by  Guyton 

produced  by  the  sdution  of  several  salts  dc  Morveau,  in  a  glass  balloon,  to  a  mix- 

at  the  same  time.    Five  parts  muriate  ture  of  muriate  of  lime  and  snow,  and 

of  ammonia,  Ave  parts  nitre,  and  six-  was  condensed    into  a  liquid  at  the 

teen  parts  water,  reduce  from  50°  to  temperature  of  —56°. 
11°  and  the  salts  maybe  again  obtained         In    forming    freezing   mixtures    in 

by  evaporation,  and  will  answer  equally  which  sahne   substances   are  used,   it 

well  a  great  number  of  times.  is  necessary  that  they  should  be  newly 

When  dilute  acid  is  used  instead  of  crystallized,  neither    humid  nor  efflo- 

water,  the  solution  is  effectetl  more  ra-  resccnt,   and  finely   pidverized.      The 

pidly,  and  the  cold  produced  is  there-  materials    intended    to    produce    cold 

fore  greater.    Nine  parts  of  phosphate  ought  to  be  well  mixed,  and  as  quickly 

of  s(Ma,  six  parts  nitrate  of  ammonia,  as  possible,  in  a  vessel  just  large  enough 

and  four  parts  diluted  nitric  acid,  mixed  to  contain  it ;  and  the  substance  to  be 

together,  cool  the  thermometer  from  50°  congealed  should    be    exposed  to  the 

above  zero  to  21°  l)elow  it.  freezing  mixture  in  a  thin  glass  vessel. 

By  the  action  of  acids  upon  snow  When  snow  is  used  it  should  be  light 
great  degrees  of  coW  are  produced,  and  dry,  and,  if  possible,  newly  fallen. 
When  the  acids  are  used  in  an  undi-  Before  experiments  are  made,  the  ma- 
luted  state,  Lowitz  affirms  that  the  terials  will  frequently  requu^  to  be 
muriatic  is  the  most  powerful,  then  the  cooled,  which  is  done  by  exposing  them 
nitrous,  and  lastly  the  sulphuric :  but  separately  in  thin  glass  or  tin  vessels  to 
when  sulphuric  acid  is  duuted,  it  is  freezing  mixtures,  care  being  taken  not 
more  powerful  than  the  others,  a  de-    Xa  cool  them  bdow  the  points  at  which 


tbff  net  upon  each  other.  To  iUiistrate 
the  ntceantf  of  this  precHition,  it  may 
be  mentioned,  that  snow  and  cominnn 
■alt  have  no  action  upon  one  another 
when  mixed  at  the  temperature  of  ~  1 0° 
of  Fahr«iheit 

Messrs.  ADen  and  Pepys  solidified 
56  pounds  of  quicksilver  by  the  use  of 
1 3  pounds  of  muriate  of  lime,  and  the 
same  weight  of  snow.  The  whole  of 
these  were  not  mixed  at  once,  as  one 
proportion  was  expended  in  cooling  the 

To  succeed  with  the  expenmcnt  upon 
a  small  scale  a  few  ounces  of  mercury 
in  a  thin  glass  retort  may  be  exposed 
to  a  mixture  of  one  pound  of  crystal 
tued  muriate  of  lune  with  the  same 
quantity  of  snow  when  this  mixture 
ceases  to  reduce  the  temperature  ano- 
ttier  aundar  one  should  be  used,  which 
Kidom  fods  to  effect  congelaLon 

Dr  Henry  recommends  the  appa- 
ratus represented  in  section  {/g   M  ) 

Fig  M 


TTie  outer  vawri  a  a,  he  directs  to 
be  of  wood,  about  121  inches  squate 
and  7  inches  deep.  It  should  have  a 
wooden  cover,  rabbeted  in,  and  fiif' 
nished  with  a  handle.    Within  this  it 

gaced  a  tin  vessel  b,  standing  ca 
et  which  are  1)  in.  high,  and  havins 
a  prraeclion  at  the  top  half  an  inen 
broaa  and  an  inch  deep,  on  which 
rests  a  shallow  tin  pan  c.  'Within  the 
second  vessel  is  a  third,  d,  made  of  un- 
tinned  iron,  and  supported  by  feet  two 
inches  high:  this  vessel  is  four  inches 
square  and  is  intended  to  contain  the 
mercury  When  the  apparatus  is  used, 
a  mixture  of  muriate  of  lime  and  snow 
IS  put  into  the  outer  vessel  a  a,  so  as 
completely  to  surround  the  middle  ves- 
sel 6  b  Into  the  latter  the  vessel  d. 
containing  the  (]uicksilver  to  be  froien, 
previously  cooled  down  by  a  freezing 
nuxtuie  IS  put ;  and  this  is  immediately 
surrounded  by  a  mixture  of  snow  and 
muriate  of  Ume,  previously  cooled  to  0° 
of  Fahrenheit,  by  an  artificial  mixture 
of  snow  and  common  salt  The  pan  e 
19  also  filled  with  these  materials,  and 
the  wooden  cover  is  then  put  in  i1* 
place  The  vessels  are  now  left  till  tbi 
quicksil\er  is  frozen.  The  solution  of 
muriate  of  lime  may  be  evaporated,  and 
the  salt  crysloUiiiil  for  future  experi- 
ments ^Henry's  Chfiniglry,  vol.  i,  p. 
94   and  description  qf  plate*. 


The  followint!  Tablro  exhibit  a  col-    who  made  a  fireat  many  experiments 
Icctive  view  of  all  tlie  friiforiric  mix-    upon  (he  artificial  production  of  cold, 
tures  in  the  publication  of  Mr.  Wo^er, 

Tablb,  consislinK  of  Frii;orific  mixtures  having  the  pow<T  of  ceneratine  or 
creating  cold  without  the  aid  of  ice,  siifiiclunt  f»r  all  useful  and  philosophi- 
cal puqioses  in  any  pwt  of  I  he  world  at  any  season. 


Muriate  of  Ammonm .^  -) 

NitraleofPofiiti >[■> 

Wal«r 1(1   J 

Nilmio  or  Polui.h .1    ( 

Sulphate  of  Suda B    f 

Water ....1(1  J 

w'»™r,°. .."!?.""'!'.'!.'.'.'.".'."'.".".'.'.'"  I  \ 

NiliBlG  of  Ammonia 1  ") 

Carbonate  of  SmJa I  J. 

Water.-. 1  J 


HEAT. 


61 


I] 


MIXTURES. 

SalphateofSoda 8 

Diluted  Nitric  Acid 

Sulphate  of  Soda 6 

Muriate  of  Ammonia 4 

Nitnte  of  Potash 2 

Diluted  Nitric  Acid 4 

Sulphate  of  Soda 6 

Nitiate  of  Ammonia • 

Diluted  Nitric  Acid 

Phosphate  of  Soda 9 

Diluted  Nitric  Acid 

Phosphate  of  Soda 9 

Nitnte  of  Ammonia 

Diluted  Nitric  Acid 

Sulphate  of  Soda 8  1 

Muriatic  Acid 5  } 

Sulphate  of  Soda 5  1 

Diluted  Sulphuric  Acid.  .• 4  J 


TkcnDometer  Sinks. 


Ffom-hW®  to—  ^ 


+50     to— 10 


4  50     to   -  14 


+50     to—  19 


+iW)     to -21 


DSffTM  of 

Cold 
prodaowl. 

. .  58'' 


60 


64 


+  50     to-0 
+50     to +  8 


6'2 


71 


50 


..47 


N.  B.  If  the  materials  are  mixed  at  a  warmer  temperature  than  that  expressed  in  the 
hible*  the  effect  will  be  pro  port  ionably  greater;  thus,  if  the  most  powerful  of  these 
lixtures  be  made  when  the  air  is  +  85^,  it  will  sink  the  thermometer  to  +  S". 

Tablx,  consisting  of  Frigorific  Mixtures  composed  of  loe,  with  chemical 

Salts  and  Acids. 


FRIGORIFIC   MIXTURES  WITH   ICI. 


MIXTURES. 


f-AKTt 


Snow,  or  pounded  Ice 9 

Muriate  of  Soda I 

Snow,  or  pounded  Ice     5 

Muriate  of  Soda 9 

Muriate  of  Ammonia I 

Show,  or  pounded  Ice 94 

Muriate  of  Soda 10 

Muriate  of  Ammonia 5 

Nitrate  of  Potash 5 

Snow,  or  pounded  Ice 

Muriate  of  Soda 

Nitrate  of  Ammonia 

Soow 5 

Diluted  Sulphuric  Acid 9 

Snow 8 

Muriatic  Acid 5 

Snow 7 

Diluted  Nitric  Acid 4 

Snow 4 

Muriate  of  Lime 5 

Snow ; 9 

CrvstallizcKl  Muriate  of  Lime S 

Snow 3 

Potash    ■* 


} 
} 
} 
} 
} 
} 


TkeriDometcr  Sinks. 


to  —     5° 


Dcsifo  of 

Cold 
prodnecd. 


(u 


to 


19 


IS 


to  —  95 


—   98 


to  -   97 


From  +  89^  to 
+  89 
4    89    to  -   80 
+  «9 
+  82 
+  89 


to  —  40 


to   -  50 


to  -   51 


:»5 


59 


f.9 


79 


89 


88 


I^,B. The  reasons  for  the  omissions  in  the  last  column  of  this  Table  ii,  tlie  ther- 

lometer  sinking  in  these  mixtures  to  the  degree  mentioned  in  the  preceding  column, 
■d  ueTer  lower,  wliatever  may  be  the  tempeiaturc  of  the  materials  at  mixing. 


liS 
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Table,  consiiting  of  Frigorific  Mixtures  selected  from  thefigregoing  Tables,  «i 
corniced  so  as  to  increase  or  extend  Cold  to  the  ezttemest  cfegreei 

COMBINATIONS  OF  FRIGORIFIC  MIXTUBBB. 


MlXTURKa. 


Phosphate  of  Soda  . 
Nitrate  of  Ammonia 
Dilated  Nitric  Acid . 


Phosphate  of  Soda  . 
Nitrate  of  Ammonia 
Diluted  mixed  Acids 


Sdow 

Dilated  Nitric  Acids   

Sdow 

Diluted  Sulphuric  Acid 

4>ilutedNitric  Acid 

Snow.... I 

Diluted  Sulphuric  Acid 1 

Snow 8 

Muriate  of  Lime 4 

Soow S 

Muriate  of  Lime  ..•..• 4 

Soow  9 

Muriate  of  Lime 8 

Soow    1 

CrystalUxed  Muriate  of  Lime 9 

Snow 1 

Crystallized  Muriate  of  Lime    ....  8 

Snow 8 


1} 
1} 

5} 

1} 


Th«riiioaMt«r  Sinks. 
From        0®  to  —  84<' 

—  84  to  —  50 
~     0    to  —  46 

—  10    to  -  56 

—  10  to  —  60 
+  90  to  —  48 
+  10  to  —  54 
»   15  to  —  68 

—  0    to  —  66 

—  40    to  —  78 

—  68    to  —  91 


Cold 
prodnca 

84^ 


46 

46 

40 
68 
61 
5S 
66 
S3 
98 


Diluted  Sulphuric  Acid  10 

N.B. — The  materials  in  the  first  column  are  to  be  cooled,  previously  to  mil  in;,  to  tin 
temperature  required,  by  mixtures  taken  from  either  of  the  preceding  Tables. 

Tabli  of  Congealing  or  Freezing  Temi>eratures  of  various  Liqui4lSv 

according  to  Fuirenheit*s  Scale. 


Sulphuric  Ether • 

Liquid  Ammonia    

Nitric  Acid *P«  ?r.  1.421 

Sulphuric  Acid    sp.gr.  1.6115 

Mercury 

Nitric  Acid    • sp.gr.  1.107 

Sulphuric  Acid     sp.  g^.  1 .  8064 

Nitric  Acid   sp.gr.  1.3880 

Ditto sp.  gr.  1 .9588 

Ditto sp.gr.  1.8990 

Brandy 

Sulphuric  Acid sp.gr.  1.8376 

Pure  Prussic  Acid • 

Common  Salt 95  +  water  75 

Ditto  99.9     H-    do.     77.8 

Sal  Ammoniac  20  +    do.     80 

('ommon  Salt 90+    do.    80 

Ditto  16.1     +    do.     83.9 

Oil  of  Turpentine 

Strong  Wines 

Rochelle  Salt 50+  water  50 

Common  Salt    10+    do.    90 

Oil  of  Bergamot • 

Blood  


-160 

-46 

—  45..% 

—  45 
-30 

—  30.1 

—  96 

—  18.. 
-17.7 

—  9.4 

—  7.0 
+   1 

4  to  5 

4 

7.9 

8 

9.5 
18.8 
14 
90 
91 

91.5 
98 
95 
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Common  Salt 6. t5  +  water  99.75  25^.6 

EptomSaU     ............  41 .6    +    do.     584  85.5 

Nitie  19.5     +    do.     87.5  86 

Common  Salt    4.16+     do.    95.84  87.5 

Copperas   4t.6     +    do.     58.4  88 

Vinegar 88 

Sulphate  of  Zinc 58.8    +  water  46.7  88.6 

Milk 80 

Water 80 

The  rays  of  the  sun  constitute  the  having  been  obsenred  in  tropical  climates 

most  important  natural  source  of  heat  to  attain  1 10^  as  at  Pekin ;  at  Pondi- 

Various  opinions  have  been  entertained  cherry  it  has  risen  to  115°;  while  at 

respecting  the  cause  of  this  kind  of  Hudson*s  Bay  the  spirit  thermometer 

heat    Sir  Isaac  Newton,  influenced  by  has  sunk  to  —5(P,  ten  d^rees  lower  than 

the  obvious  analogy  existing  between  the  freezing  point  of  quicksilver. 

the  sun  and  terrestrial  bodies  rendered  The  range  of  tempo^ure  capable 

luminous  by  heat,  believed  the  sun  to  of  being   produced  by  art   is   much 

be  an  intensely  hot  body,  having  the  more  extensive.     By  reference  to  the 

power  of  protecting  hot  nartides  from  preceding  tables,  it  will  be  seen  that 

its  surface,  which  when  tney  come  into  the  greatest  decree  of  cold,   hitherto 

contact  with  other  bodies  impart  heat  produced,  is  91°  oelow  zero  of  Fahren-  * 

to  them.    Anotherhypothesis  was  main-  neit ;  while  the  highest  d^eree  of  heat 

tained  by  Descartes  and  Huygens,  and  attempted  to  be  measured,  is  that  of 

adopted  by  many  other  philosophers,  Mr.    Wedgwood^s    small    air-furnace, 

which  supposes   that  luminous  bodies  which  he  considered  equal  to  21,877° 

have  the  power  of  propagating  vibra-  of  the  same  scale.    More  intense  heat 

tions  througih  an  extremely  rare  and  may  be  produced  by  the  agency  of  a 

dastic  fluid  that  is  diffused  through  all  powerful  voltaic  combination,  and  by 

space ;  and  that  heat  is  occasioned  by  enflaming    a    condensed    mixture    of 

tnese  vibrations.  oxygen  and  hydrogen  gases,  issuing  from 

Several  circumstances  influence  the  a  small  aperture, 

degree  of  heat  communicated  to  diffe-  Heat  may    be  artiflcially    produced 

rent  parts  of  the  earth*s  surface  by  the  bjr  electricity,  galvanism,  condensation, 

solar  rays ;  the  chief  of  these  are  eleva-  friction,  percussion,  and  chemical  action, 

tion,  distance  from  the  sea,  and  more  but  the  full  consideration  of  these,  to- 

particularly  latitude.    The  extremes  of  gether  with  ignition,  and  the  economv 

temperature  over  the  globe,  are  com-  of  fuel,   will   afford  abundant  useful 

prenended  within  a  range  of  about  160°  and  interesting  matter  for  another  trea- 

of  Fahrenheit:  the  heat  in  the  shade  tise. 


ChaptbrXI. 


Books  relating  to  Heat, 

The  books  which  have  been  writtea  on  this  subject  are  %*erj  numerous,  and  of  very 
▼arious  degrees  of  merit.    The  following  list  contains  a  selc^ction  of  the  most  useful. 

The  Philosophical  Transactions  contain  many  important  Essays  by  Black,  Blagden, 
Cavendish,  Darwin,  Delislc,  Count  Rumford,  Smeaton,  Walker,  Wedgwood,  and  others. 

The  Annales  de  Chrmie  are  rich  in  orij^inal  communications  on  heat  ;  and  many  are 
contained  in  Nicholson's  Journal,  the  Philosophical  Magazine,  the  Manchester  Me- 
moirs, the  Annals  of  Philosophy,  the  Transactions  of  the  Royal  Society  of  Edinburgh^ 
Gilbert's  Journal  der  Physik,  Rozier*s  Joamalde  Physique,  and  the  Joamal  of  Science. 

Martine  on  Heat  and  Thermometers. 

Dr.  Crawford  on  Animal  Heat. 

De  Loc's  R^herches  sur  les  Modifications  del* Atmosphere. 

Dalton's  New  System  of  Chemical  Philosophy. 

Count  RumforcTi  Essays. 

Dr.  Black*!  Lectures,  by  Robtson. 

Chemical  Statics,  by  Berthollet. 

Scbeele's  Treatise  on  Air  and  Fin. 


64  (ip:at. 

VdjagCBdet  Alpos,  par  Saussure. 

Leslie**  Eiperimental  Ipquiry  tnlo  the  Nature  of  Ileal 

Leslie  on  Ileal  and  Moisture. 

R6cherchc8  sur  la  Chaleur,  par  Prevost. 

Klemcnta  Chemise,  by  Boerhouve. 

Memoires  de  TAcadeniie  des  Sciences. 

Kssais  de  rhysique,  par  M.  Pictef. 

Walker  on  Cold. 

Murray's  System  of  Chemistry. 

Thomson's  System  of  Chemistry. 

Parkes's  Chemical  lils&aySj  vol.  i 


^^fr-- •.«;-■•    it 
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Chapter  I.— Optics.  of  iUdf,  such  at  the  nm,  or  common  ar- 

Hftdal  lights.   When  the  sun  shines  on 

Definitions — Nature  of  Light — //*  ge-  a  plant,  the  plant  is  seen  in  great  bril- 

neral  Properties,  liancy  and  beauty.     If  a  black  cloUd 

covers  the  sun,  the  plant  is  still  seen, 

Optics,  a  term  derived  from  a  Greek  though  with  less  brightness,  but  the  light 

word,  which  signifies  seeing,  is  the  sci-  which  now  makes  it  visible  comes  from 

ence  which  treats  of  vision,  and  generaUy  the  clouds,  which  are  illuminated  by  the 

of  the  nature  and  properties  of  Light,  sun :  for  when  the  sun  is  so  far  below 

and  the  changes  which  it  undergoes  in  the  horizon  as  not  to  Uluminate  the 

its  (qualities  or  in  its  direction,  when  clouds,  the  plant  ceases  to  be  visible, 

passmg  through    bodies    of  different  In  like  manner,  when  we  read  by  the 

shapes; — when  reflected  from  their  sur-  artificial  light  of  a  candle,  the  book 

faces — or  when  moving  past  them  at  is  ^nerally  illuminated    by  the  li^ht 

small  distances.  which  immediately  proceeds  from  it ; 

The  nature  of  Light  has  not  yet  been  but  we  can  still  read  with  our  back  to 

ascertained ;  but  two  opinions  of  a  very  tiie  candle,  in  which  case  the  book  is 

opposite  kind  have  been  maintained  by  illuminated  by  the  light  from  the  candle 

pnilosophers  respecting  its  origin  and  which  falls  upon  the  walls  and  furniture 

propagation.    By  some  it  is  supposed  of  the  apartment,  and  which  those  walls 

to  consist  of  material  particles,  thrown  and  that  furniture  a^ain  throw  off  in  all 

off  from  the  luminous  body  with  great  directions ;  for  the  mstant  the  candle  is 

velocity,  and  in  all  directions,  while  put  out  we  are  left  in  total  darkness, 

others    believe  it  to  be   a   fluid   dif-  3.  All  bodies,  whether  natural  or  arti- 

fused  through  all  nature,  and  in  which  /icial,  throw  off  in  all  directions  light  of 

waves  or  undulations  are  produced  by  the  same  colour  as  themselves,  although 

the  action  of  the  luminous  body,  and  the  light  from  the  sun,  which  foils  upon 

propagated  in  the  same  manner  as  sound  them  ana  renders  them  visible,  is  wnite, 

IS  propagated  through  air.  It  has  been  generally  supposed  to  be  a 

But  whatever  be  the  cause  of  light,  sufiicient  proof  of  this  important  pro- 

and  whatever  be  the  manner  in  which  perty,  to  state,  that  wherever  we  place 

it  passes  from  one  point  of  space  to  our  eye  it  sees  those  bodies  of  that  co- 

another,  it  has  certain  general  properties  lour;  but  as  we  consider  this  unsatis- 

whidi  have  been  discovered  by  cxpen-  factoiy,  we  shall  demonstrate  it  by  an 

ment  and  observation.  experiment  which  is  both  beautiful  and 

1.  Light  is  sent  forth  in  (dl  directions  instructive.    If  we  hold  a  white  card 

from  every  visible  point  of  luminous  before  a  rose  bush,  the  surface  of  the 

bodies.    It  we  hold  a  sheet  of  paper  be-  card  will  appear  of  its  usual  whiteness ; 

fore  a  candle,  or  the  sun,  or  a  red  hot  but  if  we  place  this  card  at  one  end  of  a 

body,  or  any  other  source  of  light,  we  box  shut  up  on  all  sides,  and  if,  having 

shall  find  that  the  pi^r  is  illuminated,  made  a  pin  hole  in  the  side  opposite  the 

or  covered  with  light,  in  whatever  posi-  card  to  admit  the  light  from  the  rose 

tion  we  hold  it,  provided  that  the  light  bush,  we  look  through  another  hole  at 

is  not  obstructed  by  its  edge,  or  by  the  card,  we  shall  see  upon  the  card,  and 

another  body.    If  we  examine  the  iUu-  opposite  each  rose,  a  patch  of  red  light. 

minated  surface,  we  shidl  also  find  that  and  opposite  each  green  leaf  a  patch  of 

there  are  no  black  spaces  or  intervals  green  light    These  patches  of  colour 

destitute  of  light.  constitute  a  picture  of  the  rose  bush 

«.  AU  bodies,  whether  natural  orarti-  turned  upside  down,  which  though  not 

Jkial,  which  are  not  luminous  of  them-  very  distinct  in  the  outline,  will  yet  be 

selves,  are  rendered  visible  by  light  which  easily  reco^ised.  If  we  enlarge  the  small 

originally  comes  from  a  body  luminous  hole  opposite  the  card«  the  picture  will 
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become  more  indistinct,  and  the  colours 
more  faint,  and  when  the  hole  reaches  a 
certain  size  the  red  lirfit  from  the  roses 
will  fall  upon  the  same  parts  of  the  card 
as  the  CTt*en  liirht  from  the  leaves,  and 
the  card  will  appear  of  its  ori^nal  white- 
ness. The  same  appearances  will  be 
seen  in  whatever  position  we  hold  the 
box  in  relation  to  the  rose  bush.  The 
reason  will  \ye  explained  in  a  future 
Chapter,  why  the  white  light  of  the  sun 
t)ecomes  ix*d  when  thrown  ofip  from  the 
rose,  and  green  when  thrown  oif  fix)m 
the  leaves. 

4.  Liffht  cojuists  of  separate  parts 
wdppendent  cf  each  other.  If  we  admit 
light  through  an  opening  into  a  dark 
room,  we  may,  by  interposing  a  piece  of 
card,  stop  a  small  portion  of  it,  and  sJlow 
the  rest  of  it  to  pass ;  or,  if  we  stop  nearly 
the  whole  of  it,  and  allow  only  a  very 
small  portion  of  it  to  pass,  the  part 
which,  m  both  these  cases,  is  allowed 
to  pass,  is  not  aifected  in  any  way  by 
its  separation  from  the  part  which  is 
Btopp€»i. 

The  smallest  part  of  light  which  we 
can  thus  stop,  or  allow  to  pass,  is  CNalled 
a.  ray  of  light. 

5.  liays  of  light  proceed  in  straight 
lines.  This  property  may  be  demon- 
strated to  the  eye,  by  causing  light  to 
pass  through  small  holes  into  a  dark 
room  tilled  with  smoke  or  dust  It  is 
proved  also  by  the  fact,  that  bodies  can 
not  be  seen  through  bent  tubes ;  and  it 
may  be  inferred  from  the  form  of  the 
shadows  of  bodies.  When  there  is  any 
power  on  one  side  of  the  ray  which  is 
not  on  the  other  side,  it  may  then  de- 
viate from  its  motion  in  a  straight  line, 
and  may  even  be  made  to  move  in  a 
curve  line. 

6.  Light  moves  with  prodigtous  velo- 
city, and  that  of  the  planets  travels  at 
the  rate  of  1 95,000  viilrs  in  a  second  of 
time.  If  two  obscr\'ei's  are  placed  at 
the  distance  cf  70  or  80  miles,  and  if  one 
of  them  strikes  a  light  at  a  known  in- 
stant of  time,  the  light  will  travel  to  the 
other  observer  in  such  a  small  portion 
of  tinie  that  it  cannot  be  measured  by 
the  nicest  time-keci)ers.  Astronomers, 
however,  have  proved,  by  observing  the 
eclipses  of  Jupiter's  Satellites  when  that 
planet  is  nearest  and  farthest  from  the 
earth,  that  light  travels  from  the  sun  to 
the  eai-th  in  seven  minutes.  Hence,  it 
will  move  from  the  one  pole  of  the  globe 
to  Uie  other  in  the  24 111  part  of  a  second, 
— a  velocity  which  suipasses  all  com- 
prehension. 


Chapter  II. — Diopraict. 


Refraction  of  I^ght^LawofRefrati^ 
— Refractive  Fowert 


fractive  Potoers. 


fable  of  Re- 


Although  a  ray  of  light  will  always 
move  in  the  same  straight  line  when  it 
is  not  interrupted,  yet  every  person  must 
have  observed  that  when  light  falls 
upon  a  drop  of  water,  or  a  piece  of  glass, 
or  a  bottle  contcuning  any  flmd  which 
allows  the  light  to  pass,  it  does  not 
reach  the  eye,  or  illuminate  a  piece  of 
paper,  placed  behind  those  bodies  in  the 
same  manner  as  before  \hej  were  put  in 
its  way.  This  obviously  arises  from  the 
direction  of  the  light  being  changed 
by  some  power  which  resraes  in  the 
bodies.  The  branch  of  optics  which  ex- 
plains the  law  or  rule  according  to 
which  the  direction  of  light  is  thus 
changed,  and  the  results  dependent  on 
this  law,  is  called  Dioptrics,  ftt>m  two 
Greek  words,  one  of  which  signifies 
through,  and  the  other  to  see^  because 
the  bodies  wliich  produce  tlus  change 
arc  those  through  which  we  can  tee,  or 
through  which  Eglit  passes. 

In  order   to  understand   how   thb 
change  is  produced,  let  M  N  O  P  0^.  1.) 

Fig.  I. 


be  a  vessel,  m  one  of  the  sides  ot  which, 
N  O,  there  is  a  small  hole  at  N.  If  we 
place  a  lighted  candle  within  two  or 
three  feet  of  it,  so  that  its  flame  may  be 
at  A,  a  ray  of  light,  A  N,pnxnedLng 
from  it,  will  pass  through  the  hole  N, 
and  go  on  in  a  straight  line  A  N  C,  till 
it  reaches  the  l>ottom  of  the  vessel  at  C, 
where  it  will  form  a  small  circle  of  hght. 
Having  put  a  mark  at  the  point  C,  {X)iu: 
water  into  the  vessel  till  it  rise  to  the 
height  s  r,  and  you  will  sec  that  the 
round  spot  which  was  formerly  at  C  is 
now  at  D  ;  that  is,  the  ray  A  N,  wluch, 
when  the  vessel  was  empty,  went  straight 
on  to  C,  has  been  bent  at  the  point  B, 
where  it  falls  on  the  water,  into  the  line 
BD.    If  we  mix  a  little  soap  with  the 
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water,  so  as  to  (pve  it  a  slight  mistiness, 
the  ray  B  D  will  be  distinctly  perceived, 
and  it  will  be  seen  that  it  is  a  straight 
line,  and  that  the  bending  or  change  in 
its  direction  has  been  produced  wholly 
at  the  point  B  in  the  suiface  of  the  water. 
Hiis  bending  of  the  ray  A  N  B  is  called 
r^fracHon^  from  a  Latin  word,  which 
signifies  breaking  back,  because  the 
ray  A  B  seems  to  be  broken  back 
from  its  course  at  B,  and  the  water 
is  said  to  refract,  or  break  back  the  ray 
AB. 

If,  m  place  of  fresh  water,  we  pour  in 
salt  water,  it  will  be  found  that  the  ray 
A  B  is  more  bent  at  B.  In  like  manner 
alcohul  wUl  refract  the  ray  A  B  more  than 
salt  water ;  and  oil  more  than  alcohol. 
If  we  were  to  cut  a  piece  of  glass  of  the 
exact  shape  of  ttie  water  srOF,  and 
place  it  in  the  same  way  in  the  vessel, 
we  should  find  that  it  would  refract  the 
Ught  stUl  more  than  oil,  and  in  the  line 
Bd. 

Hence  we  may  conclude  in  general, 
that  when  a  ray  of  light  passing  through 
mr  falls  in  a  slanting  direction  upon  the 
surface  of  liquid,  or  of  solid  DOdies, 
through  which  light  can  pass,  it  is  re- 
fr-acled  by  them,  and  by  different  bodies 
in  difierent  degrees. 

It  when  the  vessel  M  N  O  P  is  empty, 
we  fix  at  C  a  bright  object,  such  as  a 
sixpence,  and  place  the  eye  at  A  in  the 
strsught  line  A  N  C,  the  sixpence 
will  be  distinctly  seen,  because  one 
of  the  rays  C  N,  which  proceed  firom 
it,  must  enter  the  eye  at  A.  Let 
water  be  now  poured  into  the  vessel 
till  it  stand  at  *r,  then  the  eye  at  A 
will  no  longer  see  the  sixpence ;  but  if 
we  move  me  sixpence  from  C  to  D,  it 
win  become  visible  to  the  eye  at  A  the 
instant  it  comes  to  D.  Now  as  the  ray 
from  the  sixpence  at  D  must  pass  to  the 
eye  in  a  strai^t  line  after  it  comes  out 
of  the  water,  it  must  pass  in  the  direc- 
tion B  N  A ;  and  consequently,  the  ray 
from  the  sixpence  D,  by  which  it  was 
seen  at  A,  must  have  been  D  B,  and 
this  ray,  in  coming  out  of  the  water,  must 
have  been  bent  or  refracted  at  B  into 
the  line  B  A.  The  same  effect  will  be 
produced  if  «  r  is  the  surface  of  salt 
water,  alcohol,  oil,  or  glass ;  but  with 
these  substances  we  must  pu&  the  six- 
pence beyond  D  towards  O,  in  order 
that  it  may  be  seen  at  A. 

Hence  we  may  conclude,  that  when  a 
ray  of  light,  passing  through  a  liquid  or 
a  solid  body  in  a  direction  slanting  or 
oblique  to  its  sur&oe,  quits  it,  it  is  re- 


fracted by  that  body,  and  by  different 
bodies  in  different  d^rees. 

Having  thus  discovered,  by  very  sim- 
ple experiments,  the  nature  of  tne  re- 
fraction of  light  when  passing  out  of  a 
rare  or  thin  medium  such  as  the  air  into 
a  dense  medium  such  as  water,  and  also 
out  of  a  dense  medium  into  a  rare 
medium,  we  must  now  endeavour  to 
determine  the  law  or  rule  which  tlio 
refraction  follows  when  it  enters  or 
quits  the  water  at  different  degrees  of 
obliquity. 

For  tnis  purpose,  let  us  describe  (Jig. 
2.)  a  circle  PRQS  upon  a  piece  of 


slale  or  metal,  and  havmg  drawn  two 
diameters  P  C  Q,  R  C  S  perpendicular 
to  each  other,  let  a  small  tube  A  C  be 
attached  to  the  plate,  so  that  it  can  move 
freely  round  C.  The  plate  PRQS 
muft  now  be  placed  in  a  vessel  of  water, 
and  fixed  so  that  the  surface  of  the 
water  coincides  with  the  line  R  S,  and 
does  not  touch  the  lower  end  C  of  the 
tube  A  C.  Let  us  now  bring  the  tube 
A  C  into  the  position  P  C,  and  make  a 
ray  of  l^ht  pass  down  through  the  tube, 
we  shaU  find  that  the  ray,  entering  the 
water  at  C,  wiU  pass  on  in  the  same 
straight  line  to  tiie  point  Q.  Hence  it 
follows,  thai  a  ray  of  light  falling  per- 
penckcularly  upon  a  rrfracting  surface 
undergoee  no  reaction  or  change  in 
tie  direction.    If  the  tube  A  C  is  now 

Elaoed  in  the  position  A  C,  and  a  ray  of 
ght  be  made  to  pass  tlu-ou^h  it,  the 
ray  will  not  pass  on  in  a  straight  line, 
!mt  will  be  bent  or  refracted  at  C  into 
the  line  C  E,  and  strike  the  circle  at 
E.  The  angle  A  C  P,  which  the  ray 
or  tube  forms  with  the  perpendicular 
P  C  Q,  is  called  the  angle  of  incidence^ 
and  the  angle  £  C  Q,  which  the  re- 
fracted ray  CE  forms  with  the  same 
perpendicular,  is  called  the  angle  of 
refhiction.  Let  us  now  take  in  a  pahr 
of  compasses  the  line  £  F,  the  slv(yl^R.^ 
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distance  of  the  point  E  of  the  refracted  the  sine  of  the  angle  of  refraction  is 

ray  from  the  perpendicular  C  Q,  and  1.336. 

make  a  scale  of  equal  parts,  of  which  We  are  now  in  a  situation  to  deter- 
£  F  is  one  uart.  In  like  manner  let  us  mine  the  direction  of  any  ray  after  it  is 
take  A  D,  tne  shortest  distance  of  the  refracted  by  the  surface  of  water.  Let 
point  A  of  the  incident  ray  fit)m  the  it  be  required,  for  example,  to  find  the 
same  perpendicular  P C,  and  setting  it  direction  of  the  ray  aCtJIg.  2,  when  it 
upon  the  above  scale  of  eaual  parts,  we  is  refracted  after  falling  on  the  surface 
shall  find  it  to  be  one  ana  one- third  of  RS  of  water,  at  the  point  C.  Draw 
these  parts,  or,  more  accurately,  1.336.  C  P  perpendicular  to  KS,  and  from  a 
If  we  now  repeat  this  experiment  when  draw  a  a  perpendicular  to  C  P.  Take 
the  tube  A  C  is  in  any  other  slanting  ad  in  the  compasses,  and  make  a  scale 
position,  such  as  a  C,  in  which  case  the  in  which  this  distance  occupies  1.336, 
refracted  ray  will  be  C  «,  and  making  a  or  U  parts  nearly ;  then  taking  one  of 
scale  of  equal  parts,  of  which  ef  is  one,  these  parts  in  the  compasses,  juaoe  one 
measure  upon  it  the  line  ad,  we  shall  foot  in  the  circle  PKQS,  described 
find  that  this  line  is  also  1.336.  Now  the  round  C,  and  passing  through  a,  some- 
line  AD  is  called  the  sine  of  the  angle  of  where  about  m  in  the  line  a  €  continued, 
incidence  A  C  P,  and  £  F  the  eine  of  the  and  move  that  foot  towards  Q,  to  e  for 
angle  of  refraction  £  C  Q.  Hence  it  example,  till  the  other  foot  strUies  a 
foDows,  that  in  water  the  sine  of  the  point  /  in  the  perpendicular  C  Q,  and 
angle  of  incidence  is  to  the  sine  of  the  no  other  point  m  it,  then  e  is  the  point 
angle  of  refraction  as  1.336  to  I,  what-  through  which  the  refracted  ray  wfll 
ever  be  the  position  of  the  rav  with  re-  pass,  and  consequently  the  line  C  emust 
spect  to  the  surface ;  that  is,  tne  Sines  of  oeihe  refracted  ray  required. 
the  angles  of  incidence  and  refraction  The  numbor  1.336,  which  resulates 
have  a  constant  proportion  or  ratio  to  the  refraction  of  water,  is  caSed  its 
one  another.  index,  or  exponent,  or  co-ejficient  of 

If  we  next  fix  a  shining  body,  as  a  refraction,  and  sometimes  its  r^raetive 

sixpence,  at  Q,  £  and  e  in  succession,  power, 

and  place  the  tube  successively  in  the  If  we  now  repeat  all  the  above  expe- 

positions  P  C,  A  C,  and  a  C,  we  shall  riments  with  other  fluids  and  solids,  we 

see  the  sixpence  distinctly ;  that  is,  when  shall  find,  that  the  same  law  of  refrac- 

the  sixpence  is  at  Q,  the  ray  Q  C  pro-  tion  takes  place  with  all  of  them,  and 

ceeding  from  it,  passes  on  to  P  without  that  the  mdex  of  refraction,  or  the  re- 

refraction ;  when  the  sixpence  is  at  £,  fractive  power,  varies  in  each.    But  the 

the  ray  £  C  is  refracted  at  C  in  the  di-  refractive  power  of  bodies  may  be  mea- 

rection  C  A ;  and  when  it  is  at  e,  the  sured    more    accurately,  as    we  shall 

ray  e  C  is  retracted  at  C  into  the  direc-  afterwards  see,  by  different  methods. 

tion  C  a.  In  this  case  the  angles  E  C  Q,  The  following  Tablb  contains  the 

6  C  Q  are  the  angles  of  incidence,  and  index  of  refraction  for  a  great  number 

A  C  P,  a  C  P,  the  angles  of  refraction,  of  bodies,  as  determined  by  diif<n%nt 

and  their  sines  E  F,  c/,  AD,  ad,  being  observers,  and  by  different   methods: 

the  same  sines  which  we  formerly  mea-  and   it  is  obvious,  that  by  means  of 

sured,  will  be  to  one  another  as  1  to  the  numbers  here  given,  we  can,  in 

1.336.    Hence  it  follows,  that  in  refrac-  the  way  afready  described,  trace  the 

tions  from  a  dense  medium,  such  as  passage  of  a  ray  tlirough   any  plain 

water  or  glass,  to  a  rare  medium,  such  surfaces  by  which  the  body  may  be 

as  air,  the  sines  of  the  angles  of  ind-  bounded. 
dence  and  refraction  have  a  constant 

ratio  or  proportion  one  to  another.  j^^^ ,  op  Rkfractivb  Powers. 

B)r  comparing  these  two  cases  of  re-  XBd««f 

fraction,  it  will  be  seen,  that  when  the  tudrmtim. 

ray  A  C  passes  from  air  into  water,  tlie  Chromate  of  lead,  (grreatest  lefr.)  .     2.974 

ray  C  E  is  refracted  towards  the  per-     J^^X  -il ver. 2 . 564 

pendicidar  C  Q,  and  the  sine  of  the  angle    ^^^^^  amfical. ;••••••    « .  549 

if  refraction  is  l,whUe  the  sme  of  lie  ^hromate  of  lead,  (least  refr.) ... .     2.500 

angle  of  incidence  is  1.336;   but  that  1??^;:^^^^^^^^^^                                         l?^ 

when  the  ray  £  C  passes  from  water    pitto  ....  Newion   2.4S9 

into  air,  the  ray  C  A  is  refracted  from    Blende 2.260 

the  perpendicular  C  P ;    and  the  sine  Phosphorus   .!!!..!.!!!!.*!.!.'.     2.224 

of  the  angle  of  incidence  is  I,  while    Glass  of  Ant  imooy 8.2u0 


I,™d8,Flinll 

ale  of  Ljme,  er 

feut 

lale  of  LeadigT 9.0 


Lead  S,  Sand  1  . 

.leofLesd   

Lead  S,  Flint  1   . 


I  of  Silver,  gr.. , 

leaM 

Lead  I,  Flint  I 


tate  of  StronlitM,  gt. . 


com  Spar,  cn<L  . . . . 
ileofBaijrtM,  eit. .. 


tof  Peart" 
Cania  .... 
t  of  Tola.. 


^lau from  I  -SIS  to 

Btller  Almand   .... 


«  Shell    . 
lOfStrtai 


Horn    I.ftSS 

Quarti,  eit 1.SS8 

ord 1. 518 

Helliie,  on) 1.3S6 

eit I.SS8 

GnmHanich I.S60 

Burenndr  Pitch 1.560 

Reiin I.5S9 

TurptmtiDO      1.557 

BockSidl    :.5S7 

SngarmeltK] 1.554 

Cddi  Thui 1 .  554 

ComptoDite    1 .55S 

ChalcedoDjr     1.S33 

Salphate ofCopper, rr. I.5S9 

bait 1.5JI 

Copal 1.549 

Csnida  Babam 1.S49 

Amber I.S4T 

Elemi I.MT 

Oil  of  Tobacco I.54T 

Dicbroite   ■. 1.544 

Apophrllite    I.54S 

PUieGlau froml.543to  1.3T4 

ColopboDf  , I.54S 

DeeiWax 1.548 

Olibanum    1 .  544 

Carbonate  of  Bar/lei,  leaM 1 .  S40 

Crown  GIbm froro  l.aS4ta  l.SiS 

CaouUhoDC 1.5S0 

OilorSauafrai 1.594 

Clovei 1.535 

Balaam  of  Chpi*i I.5S8 

Lencile l.StT 

CInicAeid 1.6S7 

SbellLac    I-SSS 

Sulphate  of  Lime 1.5BS 

GumMTTrh   1.5S4 

Wavdlite  1.38 

GumTragaconlh 1.590 

Mesotviw.gr 1.598 

lesM 1.518 

Nitrw,gT.    1.514 

iMit 1.8S5 

Tartrate  of  PoUuh  and  Soda 1.515 

Sul  phntc  of  Zinc.  Old 1 .  507 

B«s  Wax,  1 4°  IteBDm 1.518 

Melling 1 .  450 

Gum  Aiahlc    I  508 

SulcjialeorPotaih    1.509 

Slilbite l.SOS 

Oilof  Comin 1.506 

NaU   1.501 

Pimento 1.507 

Sweet  Fennel  Seed* 1.506 

Amber    I. SOS 

Rbodinm    1.300 

Beech  Nul 1 .500 

Ninmeg 1 .  497 

Bnlfiim  of  Sulphur    1.497 

Sulphate  of  Iron,  gr 1 .494 

Oil  of  Aneelica 1.49S 

CarawBT  Seed* 1. 491 

CatforOU   1.4M 

Obiidian     I.4»B 

Tallow 1.49  . 
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Bulphate  of  Magnesia 

Oil  of  Hyssop    

Camphor 

Cajeput  oil..... 

Oil  of  Almonds 

■  -  Savine    ...... 

Pennyroyal 


IndnoT 
RcfkaeiioB. 


Inanof 


•  • 


1.488  or 


Sulphate  of  Ammonia  &  Magnesia 

Ceubonate  of  Potash 

Oil  of  Lemon 

'  Spearmint 

Opak 

Oil  of  Thyme 

^— DillSced   

Eiience  of  Lemon 

Oil  of  Turpentine . 

■         Rape  Seed 

—  Juniper 

'  Bei^mot  ..«..   

Olives 44 

■  Spermaceti 

Fluellite 

Oil  of  Lavender .... 

^    '      ^oppy • 

Camomile  .. 


*•....' 


Alum 

Oil  of  Wormwood 

Spermaceti,  melted    

Fiuor  Spar 

Sulphuric  Acid • . 

Oil  of  Rhue    

Phosphoric  Acid,  fluid 

Nitric  Acid,  Sp.  gr.  1 .48 

Muriatic  Acid,  concentrated 

Nitrous  Acid  

Acetic  Acid '. . 

Malic  Acid... 

Alcohol 

Oil  of  Ambergris  .... 

White  of  an  Egg   

Ether   

Cryolite   

Saltwater 

Human  Eye,  cryst.  lens 

Water,  green  rays 1 .  S358 

Icm 1.S08 

Tabasheer 1.1115 

Air,  BradUy,  Barom.  29 . 6  . ,  >  ,  ^^n  ova 
Therm.  50°     ..  ^'-000,876 

MT,Biot.        Barom.  30.17..  j,^QQ 335 


....•• 


..••••• • 


65 
87 
87 
83 
83 
89 
83 
83 
B2 
379 
81 
80 
77 
77 
76 
75 
75 
73 
71 
70 
70 
70 
68 
63 
57 
57 
53 
46 
34 
84 
83 
26 
10 
10 
.396 
.396 
.395 
.372 
.361 
.361 
.358 
.849 
.343 
.884 


Cyanogen 

OlefiantGas   

Gas  of  Marshes  .... 
Muriatic  Ether  .... 
Hydrocyanic  Acid . . 

Ammonia    

Oii-Chloro-Carbonic  Gaa. 
Sulphuretted  Hydrogen    • 

Sulphureous  Acid 

Sulphuric  Ether 

Carouretted  Sulphur . . . . . 


.... . ••. •••• 


8.892 

8.302 

1 .504 

8.72 

1.581 

1.809 

1.936 

8.187 

8.260 

5.280 

5.179 


Barom.  30 
Therm.  32o 


Table  of  the  Refractive  Power  of  Oases, 
according  to  M.  Dulono,  tkai  of  Air 
being  1.000. 

Atmospheric  Air    1.000 

Oxygen 0924 

Hydrogen    0.470 

Azote 1 .020 

Chlorine 2.628 

Oxide  of  Azote 1.710 

Nitrous  Gas 1 .030 

Hydrochloric  Acid    1 .  527 

Oxide  of  Carbon    1.157 

Carbonic  Acid    1.526 


It  will  appear  from  a  comparison 
of  the  preceding  table,  with  that  of  spe- 
cific n-avities  in  Hydrostatics.  Chap. 
VI.,  Siat  in  very  many  cases  the  refrac 
tive  power  increases  with  the  density  of 
the  body.  In  the  case  of  oily  sub- 
stances, or  indiammable  bodies,  how- 
ever, such  as  hjfdrogen,  pkotpkonu, 
ndphur,  diamond^  heai'  wax^  amber, 
spirit  of  titrpentine,  linseed  oU^  oUve 
oil,  camphor,  their  refractive  powers 
are  from  two  to  seven  times  greater  in 
respect  to  their  density  than  those  of 
most  other  substances.  Sir  Isaac 
Newton  observed  this  &ct  with  respect 
to  the  last  five  of  these  substanoes, 
which,  he  says,  '  are  fiit,  sulphureous 
unctuous  bodies,*  and  as  he  observed 
the  same  high  refractive  power  in  the 
diamond,  he  infers,  that  it  is  '  pro- 
bably an  unctuous  substance  coagu- 
lated.* This  law,  however,  at  one  tone 
seemed  to  be  overturned  by  an  ob- 
sovation  of  Dr.  WoUaston^  that  p^- 
phorus,  one  of  the  most  inflammaUc 
substances  in  nature,  had  a  very  low 
refractive  power;  but  Dr.  Brewster, 
confiding  in  the  truth  of  the  law,  exa- 
mined the  refractive  power  of  phcnpho- 
rus  by  forming  it  into  prisms  and  lenses, 
and  ne  found  it  to  be  neariy  as  hi^  as 
diamond,  and  full)r  twice  that  oT  dia- 
mond compared  with  itd  density;  an 
observation  which  re-established  and 
extended  the  truth  of  the  general  prin- 
ciple. 

Chapter  III. — Dioptrics  continued. 

Refraction  of  Rays  by  Prisms  and  Len- 
ses— Burning  Glasses — liltamnating 
Lenses, 

Thb  substance  which  is  most  commonly 
used  for  refracting  the  rays  of  light, 
both  in  optical  experiments,  and  in  op- 
tical instruments,  is  ^lass.  For  these 
purposes  it  is  shaped  into  solids  of  the 
following  form,  a  section  of  vdiioh  is 
shewn  infg,  3. 


Rf-». 


A4#md} 


1.  A  pritm,  shown  at  A,  is  a  solid, 
having  two  plane  surfaces,  A  R,  A  S, 
inclin^  to  one  another. 

2.  A  pltme  glatt,  shown  at  B,  ha<i  two 
plane  surfaces  parallel  to  one  another. 

3.  A  (pA«rs  or  t]Aeneal  len^,  shown 
at  C,  ha*  every  point  in  its  surface 
equally  distant  from  a  common  cen- 
tre. 

4.  Adouble  convex  leru,  shown  at  D, 
is  bounded  by  two  convex  spherical 
surfaces,  whose  centres  are  on  oppo- 
site sides  of  the  lens.  It  is  equaili/  con- 
vtx  when  the  radii  of  botti  surfkces 
(that  is,  the  distances  from  the  centre* 
to  the  circumferences  of  the  circle  th^ 
belong  to)  are  e^ual,  and  vnequaliy 
eomMX.  when  their  radii  or  distancei 
are  unequal. 

3.  Aplaao-amvexleru,  shown  at  B,  is 
bounded  by  a  plane  sur&ce  on  one  side, 
and  by  a  convex  one  on  the  other. 

6.  A  douNe  concave  letu,  shown  at 
F,  is  bounded  by  two  tmneaM  iphoical 
■urfkcei,  whose  centres  are  on  opposite 
sides  of  the  lens. 

7.  Aplano-eonoave  lent,  shown  at  O, 
is  bonnded  tiy  a  plaM  surtice  on  one 
side,  and  a  eoneaoe  one  on  the  other. 

8.  A  menitau,  shown  at  H,  is 
Iwunded  by  a  concaoe  and  a  eonvn 
spherical  surface ;  and  these  two  sur- 
face* meet,  if  continued. 

9.  Aeoncaco-conMxIens.shownatI, 
is  bounded  by  a  eoneoBe  and  a  coavei: 
surfiwe ;  but  these  two  sur&ces  do  not 
meet  though  continued. 

.'  The  taoM  of  these  lenses  is  a  straight 
line  M  N,  in  which  are  situated  Qie  cen- 
tres of  thdr  spherical  surfaces,  and  to 
which  their  plane  aurfsces  are  perpen- 
dicular. If  we  suppose  the  sections  from 
B  to  I  to  revolve  round  the  line  M  N, 
\bejf  will  generate  the  different  sohds 
which  they  are  intended  to  represent; 
tnit  in  treating  of  the  refraction  of  the 
lenses  we  shall  still  use  these  sections, 
because,  since  every  section  of  the  same 
lens  passing  through  the  axis  M  N,  has 
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glass  havmg  its  refl-active  power  1.52S, 
and  A  C  a  ray  of  light  falhng  upon  the 
fece  R  8  at  G.  Through  C  draw  P  Q 
perpendicular  to  R  S,  and  from  any 
scale  of  equal  parts  take  in  the  com- 
passes 1,523,  or  15. 2S,  or  152.5, orIS2$ 
parts,  and  setting  one  foot  of  Ihe  com- 
passes on  C  A,  move  it  along  to  some 
point  A  till  the  other  foot  falls  only  on 
one  point  of  C  P  as  at  D ;  then  upon  6,  aa 
a  centre,  describea  circle  A  PQ  passing 
throu^  A.  From  the  same  scale  taku 
in  the  compasses  l.OOQ  or  lU.uO  or 
100.00  or  1000,  and  setting  one  foot  on 
IheUneCQ,  move  it  along  till  the  other 
falls  upon  £  in  the  circle  A  F  Q,  taking 
care  that  the  point  F  is  such  that,  when 
one  foot  is  placed  at  £,  liie  other  foot 
can  touch  C  Q  in  no  other  point  but  F. 
But  A  U  is  the  sine  of  the  angle  of  inci- 
dence, and  E  F  the  sine  of  the  angle  Of 
refraction,  hence  the  line  C  E  C  drawn 
throu^  E  will  be  the  lefraclcd  ray. 

Again,  aa  the  ray  C  C  meets  the 
second  refracting  surface  at  C,  throu^ 
C  draw  P'  Q'  perpendicular  to-  R'S', 
and  from  any  scale  of  equal  parts  take 
in  the  compasses  1.000  or  10.000,  &c. 
and  setting  one  foot  in  (he  line  G'A', 
move  it  along  to  some  point  A'  till  the 
other  foot  falls  only  on  one  point  of 
C'P',asatD'.  Inlikumanner.takefixtm 
the  same  scale  I.S2S,  or  15.25,  &b.  md 
setting  one  foot  of  the  compasses  ia 
C'Q',  move  it  towards  some  ^vt&  ^' 
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till  the  other  foot  falls  at  E'  into  a  circle  sine  of  the  angle  of  refraction,  we  obtain 
E'  Q'  A'  passing  through  A',  and  having  the  refractive  power.  Thi«  is  the  sim- 
C  for  its  centre,  taking  care  tliat  the  plest  of  all  methods,  and  the  most  gene- 
point  E'  is  such  that  when  one  foot  is  rally  applicable  for  measiuiiig  refractive 
placed  there  the  other  foot  can  touch  powers,  because  soft  solids  and  fluids 
C  Q'  in  no  other  point  but  F'.  But  as  can  be  placed  in  the  refracting  angles 
the  ray  is  now  passing  out  of  glass  into  of  hollow  prisms  made  by  jcmung  two 
air,  AD'  is  the  sine  of  the  angle  of  inci-  plates  of  {Hurallel  glass, 
dence,  and  E'  F  the  sine  of  the  angle  of  Refraetum  tkriugh  piane  glasses.^ 
refraction ;  hence  the  line  C  £'  draYiii  Let  M  N,  (Jg.  5.)  be  a  plane  glass,  and 
through  E' will  be  the  refracted  ray.  The 
refraction  of  the  prism  has,  therefore, 
bent  the  ray  A  C,  which  would  have 
gone  on  to  m,  into  the  line  C  E',  which 
forms  with  A  m  an  angle  E'ft  m,  which 
is  the  deviation  or  change  of  direction 
of  the  ray ;  so  that  if  the  ray  A  C  pro- 
ceeded fr*om  the  sun,  or  from  a  candle, 
it  would,  by  an  eye  placed  at  £',  be  seen 
at  a  in  the  direction  E'  n  a,  and  the 
angle  of  deviation  will  be  A  n  a  equal  to 
E'nm. 

In  the  case  shown  m  Jig.  4,  the  re- 
fracted ray  C  C',  in  passing  through  the  A  C  a  ray  of  light  refracted  at  C  on 
prism,  is  parallel  to  its  base  R  K',  and  entering  the  glass,  into  the  direction  C  r. 
when  this  is  the  case,  the  angle  of  devi-  and  at  c  on  going  out  of  the  glass,  into 
ationAfta  is  less  than  in  any  other  the  direction  ca:  if  we  determine  the  di- 
position  of  C  C',  and,  consequently,  of  rection  of  the  refr'acted  rays  C  c  and  ca 
A  C,  as  may  be  easily  proved  by  con-  by  the  method  shown  inyl^.  2,  we  shall 
structing  the  figure  for  any  other  position  find  at  once  that  c  a  is  parallel  to  A  C ; 
of  tliese  rays.  If,  therefore,  we  place  for  however  much  AB  is  bent  out  of 
the  eye  behind  the  prism  at  E',  and  turn  its  direction  at  the  first  surface  of  the 
the  prism  round,  we  shall  at  once  ascer-  glass,  it  is  bent  just  as  much  in  the  op- 
hdn  that  C  C  is  parallel  to  the  base  posite  direction,  at  the  second  surface, 
R  k',  by  the  image  of  the  candle  at  a    so  that  it  is  restored  to  its  original  di- 


bein^  stationary ;  for,  in  every  other  rection.  It  will  appear,  however,  to  an 
position  of  A  C  and  C  C,  that  image  eye  at  a,  as  if  it  came  in  the  direction 
will  move  towards  a',  "When  we  have  A'  c.  Every  person  is  accustomed  to 
thus  placed  the  prism  in  this  position,  observe  that  the  plane  glass  of  windows 
or  so  that  the  ray  C  C  is  parallel  to  does  not  alterthe  position  of  objects  seen 
R  R',  or  perpendicular  to  S  T,  a  line  through  it,  except  in  particular  parts 
bisecting  the  refracting  angle  of  the  of  the  glass,  which  will  be  found,  upon 
prism  R  S'  R',  then  it  is  obvious  that  the  examination,  to  be  places  where  the  two 
angle  of  refraction  at  the  first  surface,  faces  are  not  parallel, 
viz.  E  C  F,  is  e^ual  to  R  S  T,  half  of  the  Refraction  through  Asimw.— Although 
angle  of  the  pnsm.  Now,  as  half  this  we  have  hitherto  spoken  oidy  of  the  re- 
angle  is  known,  and  as  it  is  easy  to  fraction  of  plane  surfaces,  yet  most  of 
measure  at  once  by  a  Goniometer*,  or  the  refractions  we  have  to  consider  in 
divided  instrument  of  any  kind,  the  optics  take  place  at  spherical  or  other 
angle  of  incidence  A  C  r,  we  have,  curved  surfaces.  This  circumstance, 
without  any  further  trouble,  the  angle  however,  does  not  add  any  difficulty  to 
of  incidence,  and  the  corresponding  the  subject,  for  the  rdraction  which 
angle  of  refraction  at  the  surface  R'  S'.  takes  place  at  a  curved  surfru^  of  any 
By  making  the  following  proportion,  kind  is  exactly  the  same  as  at  a  plane 
therefore — as  the  sine  of  the  angle  of  surface  which  touches  the  curve  surface 
refraction  is  to  the  sine  of  the  angle  of  at  the  point  on  which  the  ray  falls.  lU 
incidence,  so  is  unity  to  the  index  of  for  example,  the  ray  A  C  {Jig.  2.)  falls 
refractive  power-— that  is,  dividing  the  upon  the  curved  surface  r  C  «  at  C,  and 
sine  of  the  angle  of  incidence  by  the  if  R  C  touches  r  C  «  at  the  point  C,  then 
the  small  portion  of  the  curved  surfure 

•  From   two  Orf^k  word.,  .ignif/mg  measure  of  **  ^'  ^h\C^  is  COnCCmed    in  refracting 

•v'".  the  ray,  may  be  considered  as  a  part  of 


M  surfiice  R  S.  Although  we 
«t  the  surface  of  standing  water 
rve  of  the  same  radius  as  the 
et  no  skill  could  discover  this 
re,  or  prove  its  existence  in  a 
bot  of  a  lake  at  perfect  rest ;  and 
scfuore  foot  is  greater  in  relation 
diusof  theeatlhthanthe  super- 
tee  occupied  by  a  ray  of  light  is 
on  to  the  radius  of  a  common 
Vhen  we  wish,  therefore,  to  de- 
Ihe  direction  of  the  refi*acted 
le  point  C  of  any  curved  surface 
i  have  only  to  draw  a,  line  R  C  3 
icular  to  the  radius  G  Q,  touch- 
curve  at  C,  and  proceed  in  the 
ne  manner  as  if  we  were  dealing 
ilane  surface  R  S.  In  order  to 
s  this,  let  us  begin  with  a  sphere. 
efion  through  a  »phere.  Let  a 
ight  A  C  (fig.  6.),  fall  upon 


tion  of  the  ray  A  C  throu^  the  sphere 
is  exactly  the  same  as  it  would  have 
been  Ihroi^  a  prism  K  V  K. 

If  we  determine  by  the  preceding 
method  the  focus  /  upon  the  supposi- 
tion that  the  sphere  is  tabtuheer,  water, 
glattaadgireon.ve  shall,  by  measuring 
I/,  the  distance  of  the  focus  beliind  the 

Shere,  obtain    the  following    results 
e  radius  U  C  of  the  sphere  being  sup. 
posed  one  inch. 


Tabasheer    1.1145    4  feet  0  inchei 
Water  1.33S8    I  0 

Glass  1.500  i 

Zircon  2.000  0 

When  the  index  of  re&action  is  greatei 
than  two,  as  in  diamond,  &c.  the  point  / 
fadls  within  the  sphere. 

The  distance  of  the  focus/from  the 
centre  U  of  any  sphere  may  b«  found  by 
the  follovring  rule  :—Diri(M  the  index  at 
refraction  t^  twice  its  excess  alnive  one, 
and  the  quotient  is  the  distance  0/ 
which,  in  glass,  is  11  the  radius  of  the 

Befraetion  through  convex  leiuet. — 
l^ht  is  refracted  through  a  convex  tens 
exactly  in  the  same  manner  as  through  a 
sphere,  and  the  progress  of  the  refracted 
rays  may  be  found  by  the  method  already 
described  for  a  prism  and  a  sphere.  Let 
L  IhJIg- 1*,  be  &  double  convex  len* 


Fig.  7. 
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for  tlie  prism,  find  the  refracted 
',  and  through  C  where  this  ray 
m  the  back  surface  LIZ  of  the 
draw  R'  S'  perpendicular  to  O  C 
ching  the  sphere  at  C.  Then, 
ame  process  as  before,  find  the 
i  rav  C'/  Another  ray  M  N 
toAC,  and  failing  on  the  sphere 
I  far  from  H  I,  the  axis  of  the 
as  C  is,  will  obviously  be  re- 
lo/,  because  the  circumstances 
wo  rays  are  exactly  the  same, 
these  rays  will  meet  at/,  which 
1  the/ocfw  of  paraHei  rayt.  If 
inue  the  lines  R  S,  R'  8*  tiU  they 
V.  itwill  be  seen  that  the  refirw- 


whose  axis  is  R  C/,  and  C  its  middle 
point,  then  it  will  be  found  thatparoiM 
ray».  R  L,  R  L,  will  be  so  refracted  bv 
the  two  surfaces  as  to  meet  at/,  whien 
is  called  the  princifol/oeus  t/  IM  tent. 
In  Uke  manner  it  wiii  be  found  that  pa- 
raUel  rays  R'L,  R'C,  «h.  and  R"L, 
R"  C,  R"  L,  falling  obliquely  on  the  Itns, 
will  have  their  foci  at/*  and/'',  at  the 
same  distance  behind  the  lens.  In  these, 
and  all  other  cases,  the  rays  R  C,  R'  C, 
R"  C  which  paas  throueh  the  centre  C 
will  be  found  to  proceed  to/,/''  and/", 
vrithout  changing  tbeir  direction.     The 
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distance  C/is  called  the /oca*  distance 
of  the  lens,  and  in  a  double  andequally 
convex  lens  of  glass,  whose  index  of  re- 
fraction is  1.500,  it  is  equal  to  the  radius 
of  the  spherical  surfaces  of  the  lens.  If 
the  lens  is  2, piano  convex  lens,  as  E,y^. 
3,  it  is  equal  to  twice  the  radius  of  its 
spherical  surface.  If  the  lens  is  un- 
equally convex,  its  focal  distance  may 
be  found  by  the  following  rule : — Mul- 
tiply the  two  radii  of  its  surfaces,  and 
dmde  twice  that  product  by  the  sum  of 
the  radii— the  quotient  will  be  the  focal 
distance  required. 

When  converging  rays  or  rays  which 
proceed  to  one  point,  such  as  R  F,  R  F, 
RF  (fig.  8),  are  intercepted  by  or  fall 
upon  a  convex  lens  L  L,  whose  princi- 
pal focus  is  O,  their  convergency  is 
hastened,  and  thev  will  be  refracted  to 
a  focus  /  nearer  the  lens.  As  the  point 
of  convergence  F  recedes  from  the  lens, 
the  point /^so  recedes  from  it  towards 
O,  beyond  which  it  never  goes ;  and  as  F 
approaches  the  lens,  /'  also  approaches 
to  k    The  points  F  and/axe  called  (»»- 


Fig.  9. 


jugate  fod,  because  the  place  of  the  one 
varies  with  the  place  of  the  other,  and 
thoujph  every  lens  has  only  one  princi- 
pal ficus,  yet  its  conjugate  foci  are  in- 
numerable. The  cof^ugate focal  distance 
Cf  may  be  found  by  the  following  rule : 
Multiply  the  principal  focal  distwoe,  or 
OC  by  FC,the  distance  of  the  point  of 
convei^nce,  and  divide  that  product  by 
the  sum  of  the  same  numoers.  The 
quotient  will  be  the  distance  C/. 

When  diverging  rays,  or  rafs  whidi 
proceed  from  one  point  F,  sudi  as  R  L, 
R  C,  R  L  (fig,  9),  fall  upon  a  convex 


lens  L  L,  whose  principal  focus  is  O, 
the  refraction  of  tne  lens  will  make  them 
converge  to  a  focus/  beyond  O.  As  the 
point  of  divergence  F  recedes  from  the 
lens,  the  focus/  will  approach  to  it,  and 
when  F  is  infinitely  distant, /will  coin- 
cide with  O,  for  the  rays  diverging  from 
F  have  now  become  parallel  rays.  If  F 
approaches  to  O,  the  focus /will  recede 
from  O,  and  when  F  coincides  with  O, 
/will  be  infinitely  distant,  or  the  re- 
fracted rays  will  be  parallel.  When  F 
is  between  O  and  C,  as  at  F',  the  re- 
fracted rays  will  diverge  like  L  r,  L  r,  as 
if  they  came  from  a  focus/'  beyond  O, 
and  in  front  of  the  lens.  The  points  F 
and/  are  called  conjugate  foci  as  before, 
and  the  conjugate  focal  dvita?ice  may  be 
thus  found  :  — Multiply  the  principal 
focal  distance  by  F  C,  the  distance  of  the 
point  of  diver j^ence,  and  divide  that  pro- 
duct by  the  diffi^rence  of  the  same  num- 
bers. The  quotient  will  be  the  distance 
Of. 
Refraction  through  concave  lenses. 


— Light  is  refracted  through  concave 
lenses  in  the  same  manner  as  throuG:h 
prisms,  and  thedirectionof  the  refracted 
rays  may  in  every  case  be  found  by  the 
method  already  described  for  a  prism. 
Let  L  L  (fig.  10.)  be  a  doubU  concave 


Pig.  10. 


lenJt,  whose  axis  is  R/C,  and  C  its 
middle  point :  then  it  will  be  found  that 
parallel  rays  R  L,  R  L  will  be  refracted 
into  the  directions  L  r,  L  r,  so  as  to  di- 
verge as  if  they  proceeded  from/,  a 
point  before  the  lens  which  is  the  prin- 
cipal focus  of  the  lens.    The  principal 
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fooft!  distance  C/is  the  same  as  in  con-  When  converging  rayi  proceeding  to 
yex  lenses,  and  when  the  lens  is  line-  a.  noini  ¥,  (Jig.  11,)  beyond  the  princi- 
qually  concave,  the  ft)cal  distance  will  psu  focus  O  of  a  concave  lens,  are  in- 
be  found  by  the  rule  for  unequally  con-    tercepted  by  it,  they  will  be  made  to  di- 

serge  in  lines  L  r,  L  r,  as  if  they  pro- 


vex  lenses. 


Fig.  II. 


s  S^'-^^. 


oeeded  from  a  focus/  in  front  of  the 
lens  beyond  O.  When  F  coincides  with 
O,  the  refracted  rays  L  r,  L  r  will  be 
parallel  and  when  Uie  i>oint  F  is  within 
O,  the  t«fracted  rays  will  cofwerge  to  a 
focus  on  the  same  side  of  the  lens  with 
F,  but  on  the  other  side  of  O.  These 
foci,  vis.  F  and  /,  are  culled  conjugate 
foci,  and  fhe  position  of  one  of  them, 
when  the  other  is  given,  may  be  found 
by  the  rule  for  converging  rays  falling 
on  convex  lenses. 

When  diverging  rays  R  L,  R  C,  R  L, 
iflg.  12.)  proceeding  from  any  point  F 


Fig.  12. 
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without  the  focus  O  N.fall  upon  a  con- 
cave lens  L  L,  they  will  diverge  in  direc- 
tions L  r,  L  r,  as  if  they  proceeded  from  a 
point/,  betwetm  O  and  C ;  and  as  F  ap- 
proai^es  to  C,/ will  also  approach  to  it ; 
and  the  distances  PC  or/C  will  be 
found  when  either  of  them  is  given,  by 
the  same  rule  as  for  diverging  rays  fall- 
ing upon  convex  glasses. 

Refraction  through  a  Menitcus  and 
a  ConcavO'Coiwex  Lens, — The  effect  of 
a  meniscus  upon  light  is  the  same  as  a 
convex  lens  of  the  same  focal  distance ; 
and  that  of  a  concavo-convex  lens  is 
the  sane  as  that  of  a  convex  lens  of  the 
same  focal  distance.    The  following  is 


the  rule  for  finding  their  focal  lengths 
for  diverging  rays.  Multiply  double  the 
distance  of  the  point  of  divergence  by 
the  product  of  the  two  radii  for  a  divi- 
dend ;  take  the  difference  between  the 
products  of  the  above  distances  into  each 
of  the  radii  for  a  divisor,  and  the 
quotient  will  be  the  focal  distance  re- 
quired. 

For  parallel  rays,  the  rule  is  much 
simpler.  Divide  twice  the  product  of 
the  two  radii  by  the  difference  of  the 
radii,  and  the  quotient  is  the  principal 
focal  distance. 

In  studying  the  preceding  account 
of  the  refraction  of  light  through  lenses, 
we  would  recommend  it  to  the  reader 
to  demonstrate  to  himself  the  truth  of 
the  different  results,  by  actually  pro- 
jecting the  rays  in  large  diagrams,  and 
determining  ttieir  course  after  refraction 
by  the  method  shown  in  Jigs.  4  and  6. 
He  will  thus  obtain  a  knowledge  of  the 
progress  of  light  through  refiracting 
surraoes,  which  will  feusiUtate  the  study 
of  the  following  chapters. 

The  property  of  a  convex  lens  of  re- 
fracting parallel  rays  to  a  focus  for- 
nishes  the  principle  upon  which  the 
bufming glass  is  constructed.  A  burning 
glass,  indeed,  is  nothing  more  than  a 
large  convex  lens,  L  L,  (/ig,  7.),  which 
collects  into  a  small  space,  at  its  focus/, 
all  the  rays  of  the  sun  R  L,  R  C,  R  L, 
which  fall  upon  it. 

If  the  lens  L  L  has  a  surface  of  400 
square  inches,  and  if  the  rays  which 
cover  its  surface  are  collected  into  a 
space  of  one  square  inch,  the  burning 
power  N<\\ibe4^Q\Am^s,Yc^^^'^'^^'^^^^^ 

spot     \\  *\H  \>o\Vv  OJfii^>3\V  W^  W^^^^VH^ 
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to  make  large  burning  glasses;  and, 
on  this  account.  Dr.  Brewster  has  con- 
trived a  ouilt'itp  lens,  which  may  be 
made  of  any  magnitude,  and  which  is 
superior  to  a  common  lens  of  the  same 
size. 

The  property  of  a  convex  lens,  by 
which  rays  proceeding  from  its  focus 
are  refractea  into  parallel  directions, 
enables  us  in  light-houses  to  throw  a 
strong  light  to  great  distances  at  sea. 
To  tills  purpose  the  built-up  lens  above- 
mentioned  has  been  applied  with  great 
success^. 

Chapter  IV. — Dioptrics  continued, 

FbrmcUion  of  Images  by  Lenses—  Vision 
of  Images —Apparent  Magnitude — 
Magnifying  Power  —  TeUscopes — 
Microscopes 

Wk  have  already  shown  in  Chapter  I., 
that  a  tolerably  distinct  image  or  pic- 
ture of  any  object  may  be  formed  upon 
a  piece  of  paper,  by  placing  a  small  pin- 
hole or  otner  aperture  between  the  ob- 
ject and  the  paper,  and  excluding  all  ex- 
traneous light  Thus,  if  CC/^.  13.)  is  a 
small  hole  m  the  front  of  a  box,  A  B  mn, 


and  M  N  an  olject  before  it,  the  ravi 
from  the    end  M  mil   pass  strai^t 

Fig.  13. 


through  the  hole  C,  and  illuminate  the 
point  m  of  the  back  of  the  box  with  their 
own  colour ;  the  rays  from  N  will  do 
the  same  at  n ;  and  all  other  points  of 
M  N  win  in  like  manner  throw  their 
rays  on  points  immediatdy  opposite 
them  between  m  and  n.  T^e  elfect  of 
the  small  hole  C  is  to  prevent  the  ravs 
fit>m  any  one  point  of  the  object  M  N 
fit)m  falling  on  any  other  point  in  m  n, 
than  the  point  immediately  opposite  to 
it ;  and  hence  the  smaller  that  we  make 
the  aperture  C,  the  more  dictinct  will  be 
tiie  picture  m  n  of  the  object  M  N. 
But  firom  the  same  cause  tne  picture 
will  be  front,  as  the  hole  C  admits  such 
a  small  numbd:  of  the  rays  which 
flow  from  every  point  of  tn^  object 
M  N.  If  we  eiuam  the  hole  0,  and 
substitute  a  lens  L  L,  as  in  Jig.  U 


Fig.U. 


having  L  n  for  the  focal  distance  suited  are  collected  by  the  lens  in  the  corre- 
to  the  distance  of  M  N,  we  shall  have  spondin^  point  of  the  image, 
an  image  n  m  every  way  similar  to  It  is  obvious  from  the  figure,  that  the 
that  formed  by  the  hole,  but  much  image  n  m  formed  by  a  convex  glass 
brighter  and  more  distinct.  Since  all  must  necessarily  be  inverted,  for  it  is 
the  rays  which  flow  from  M,  such  as  impossible  that  the  rays  from  the  upper 
M  L,  M  L,  and  fall  upon  the  lens  L  L,  end  M  of  the  olject  can  be  cairic^  by  re- 
will  be  refracted  to  a  focus  at  m,  and  all  frtiction  to  the  upper  end  of  the  image  at  n 
those  from  N  to  a  focus  at  fi,  they  will  As  tlifc  rays  M  C,  N  C  are  refracted 
there  paint  a  distinct  picture  of  the  in  lines  C  m,  C  n,  parallel  to  C  N,  C  M, 
points  from  which  they  come,  and  con-  the  triangles  n  Cm,  N  C  M  are  similar, 
sequentiy  of  the  whole  object  M  N.  and  m  n  is  to  M  N  as  C  m  is  to  C  M, 
The  superior  distinctness  of  the  image  that  is,  the  length  of  the  image  formed 
nm  in  /ig.  14,  to  that  formed  by  the  bv  a  convex  lens  is  to  the  length  of  the 
aperture  C  in  /ig.  13,  arises  from  the  cir-  oiject,  as  the  distance  of  the  image  is  to 
cumstance  that  the  rays  from  one  point  the  distance  of  the  object  from  tne  lens, 
of  the  object  M  N  cannot  interfere  with  The  relative  positions  of  the  olject 
those  from  any  other  point ;  and  its  su-  and  image  when  the  olject  is  placed  at 
perior  brightness  arises  from  the  great  different  distances  fr^^  the  lens,  are 
number  of  rays  from  each  point  which  exactly  the  same  as  th< conjugate  foci  of 

•  Sw  tU  Cbapusr  oq  Puvtomktbt  in  the  next  Treatife,  where  tkit  subject  %Ull  Vt  ntuned. 
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rayi  diver^nK  from  a  point,  as  shewn  in 
fig.  t.  This  motion  of  the  conjugate  foci 
is  excellently  illustrated  by  the  following 
experiment  given  by  Br.  Smith. 

Having  determined  the  focal  distance 
EP,  (4ff.  15,)  of  a  convex  lens  of  glass 
E,  and  fixed  it  in  a  frame  on  a  stand  of 
wood  C  E  D,  placed  vertically  on  a  long 
taUe  or  floor  AB,  draw  a  line  A  B 
peipendiculBr  to  the  firame,  or  parallel 
to  the  axis  of  the  lens,  through  the 
Mint  C,  and  on  this  line  lay  down  the 
focal  distance  of  the  tens  from  C  to  F, 
and  tet  the  same  distance  &om  F  to  I, 
from  I  toll,  II  to  III.  Sec.,  and  also 
on  the  other  side  of  C,  from  C  to/, 
from/to  1,  from  1  to  2,  2  to  3,  &c. 
Let  i  1 1  &c.  of  the  focal  distance  E  F 
be  next  set  from  F  towards  I,  and  also 
from/towardi  1,  and  affix  the  numbers 
(  ^  ^  to  the  points  of  division.  When 
this  is  done,  darken  the  room,  and  set  a 
candle  at  Q  over  the  mark  II,  the  rays 
refracted  by  the  lens  will  converge  at  q, 
and  form  an  inverted  image  of  the 
candle  upon  a  paper  screen  G  H,  plaixd 
at  the  opposite  mark  (.  If  the  candle 
is  removed  to  III,  the  inverted  image 
will  tw  seen  formed  at  1,  by  advancing 
the  pu)er  to  t<  and  if  the  candle  is 
pushed  ftvther  in  to  I,  the  distinct  image 
win  be  seen  formed  at  1 ,  by  withdrawing 
the  Puerto  that  point  The  effect  will 
be  exactly  the  same  if  the  candle  and 
the  paper  tw  mode  to  change  places. 
Hence  it  will  be  found  by  direct  experi- 
ment, that  /  q  varies  reciprocally  as 
F  Q,  thai  is,  it  increases  in  the  same 
proportion  as  F  Q  diminishes,  and  (bmi- 
niihes  in  the  same  proportion  as  FQ  in- 
creases. If  Q  is  brought  forwird  to  F, 
no  distinct  image  of  Uie  candle  will  be 
formed  at  any  distance,  but  the  li^t 
will  be  refracted  into  a  parallel  beam, 
of  the  same  diameter  as  the  lens  at  all 
distances  from  it. 

If  the  image  n  m  {fig.  14.)  is  recaved 
upon  grounaglass,  or  upon  transparent 
pa^,  or  upon  a  plate  of  glass  upon 
wtuchalayer  of  skimmed  milk  has  been 
allowed  to  dry,  and  if  we  place  the  eye 
behind  it,  we  shall  see  the  inverted 
image  with  as  much  distinctness  as 
before,  provided  the  eye  is  distant  six 
inches,  the  distance  at  which  we  view 
all  other  near  otjects.  If  when  the  en 
)■  in  this  position,  we  take  away  the 
glass  or  paper  on  which  the  image  is 
formed,  we  snail  see  the  image  in  the  air, 
as  it  were,  as  distinctly  as  before.  The 
reason  of  this  is,  that  all  the  rays  which 
are  refiracted  to  foa  at  n,  m,  me.  cron 
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one  another  at  these  points,  and  there-  between  it  and  the  eye,  we  can  still 

fore  divert  from  them  in  precisely  the  magnify  it  by  forming  a  small  image  of 

same  manner  as  they  do  from  the  point  it  in  the  following  manner :  Let  the  same 

M  N  of  the  object.    Hence  we  may  lens  of  five  feet  focal  leng^.  like  L  L, 

treat  the  image  n  m  as  a  new  object,  (j^.  14.)  be  placed  in  a  hole  in  the 

and  if  we  place  another  lens  behind  it,  window- shutter  of  a  dark  room,  and 

an  image  of  n  m  would  be  formed  in  the  let  us  suppose  that  the  object,  such  as  a 

same  manner  as  if  n  m  were  a  real  ob-  church-spu^  is  distant  5000  feet,  or 

jectof  the  same  size.  Images  of  ima^  about  a  mile;  then,  as  the  rays  from 

may  therefore  be  formed  in  succession  this  object  will  fbll  nearly  parallel  on 

by  convex  lenses,  the  last  ima^  being  the  lens  LLi  an  invertea  image  fiai 

always  considered  as  a  new  object,  and  will  be  formed  in  its  principal  focus,  or 

being  always  an  inverted  picture  of  the  five  feet  behind  the  lens,  and  the  size  of 

one  before.  this  ima^  will  be  to  that  of  the  olgect 

In  order  to  explain  how  lenses  in-  as  5  feet  is  to  5000,  or  1000  times  smallnr 

crease  the  size  of  objects,  and  make  than  the  object    But  if  we  view  this 

tliem  ap(>ear  as  if  they  were  brought  small  image,  so  as  to  see  it  distinctly,  at 

nearertous,thereader  must  understand  the  distance  of  six  inches,  we  see  it 

cloarly  what  is  meant  by  the  apparent  imder  an  angle,  or  with  an  apparent 

magnitude  o/objecU.    When  a  shilling  magnitude,  as  much  greater  ttian  if  the 

is  placed  a  hundred  j^ards  from  us,  it  is  same  small  image  were  equally  far  off 

scarcely  visible,  and  its  apparent  ma^-  with  tlie  spire,  as  6  inches  is  to  5000  feet, 

nitudc,  orthe  angle  under  which  it  is  that  is,  10,000  times.  Hence,  though  the 

seen*,  is    said  to  be  then   extremely  image  is  1000  times  Iras  than  the  spire, 

small.    At  the  distance  of  twenty  or  from  one  cause,  yet  from   its   being 

thirty  yards,  we  can  just  see  tiiat  it  brought  near  to  the  eye,  it  is  10,000  times 

is  a  round  body ;  and  we  see  that  its  greater  in  apparent  magnitude ;  conse- 

apparent  magnitude  has  increased ;  at  quently,  its  apparent  magnitude  is  in- 

the  distance  of  three  yards,  we  begin  creased  VVW  ^^  ^^  times,  that  is,  it  is 

to  see  the  King's  head  upon  it ;  and  at  actually  magnified  ten  times  by  means  of 

the  distance  of  six  or  eight  inches,  its  the  lens  L  L.  This  magmfying  power  is 

apparent  magnitude  is  so  great,  that  it  always  e^ual  to  the  fo^  length  of  tiie 

appears  to  cover  a  distant  mountain,  lens,  divided  by  the  distance  at  which 

and  we  can  read  both  the  legend  and  the   eye  sees    near  objects  most  dis- 

the  date  with  perfect  distinctness.    By  tiuctly,  which  in  the  present  example  is 

bringing  the  shilling  nearer  the  eye,  we  5  feet          GO  inches        ^^  .. 

have  actually  magnified  it,  or  made  it  g  inches   '  6  inches    ^          umes,  as 

apparently  larger ;   and  though  its  size  before. 

nanains  the  same,  we  have  thus  made  When  the  image  n  m  is  received  upon 

Jill  its  parts  distinctly  seen.  any  smooth  and  white  surface,  sudi  as 

When  the  distance  of  the  shilling  is  paper,  stucco,  ground  glass,  &c.  then  the 

twenty  feet,  let  a  convex  lens,  whose  fens,  and  other  apparatus,  is  called  a 

focal  length  is  five  feet,  be  placed  half  camera  obscura,  or  dark  chamber ;  but 

way  between  the  shillmg  and  the  eye,  when  the  eye  is  jdaced  behind  the  lens, 

that  is,  ten  feet  from  each:  then  it  and  sees  the  inverted  image  in  the  air,  the 

IS  demonstrable  that  the  image  of  the  apparatus  is  a  telescope,  from  two  Greek 

shilUng  formed  by  the  lens  will  be  ex-  words  signifying  to  see  at  a  distance, 

actly  iff  the  same  stze  as  the  shilling,  though  this  name  is  commonly  givra 

and,  consequently,    it  is    not    directly  only  when  there  are  two  or  more  lenses, 

niacniiied    by  the   lens ;    but,  as  the  But  there  is  another  method  of  mag 

imsige  is  brought  so  near  us  that  the  nifying    objects,    particiUarly    objects 

eye  can  view  it  at  the  distance  of  six  withui  our  reach,  which  is  of  great  im- 

inehes,  its  apparent  magnitude  is  in-  poi-tance  in  optica.    We  all  know  that 

creased  in  the  proportion  of  six  inches  the  eye  can  see  objects  distinctly  when 

to  twenty  feet,  or  as  one  to  forty,  that  is.  placed  at  a  great  distance,  that  is,  when 

forty  times.    Hence,  we  have  magnified  the  rays  proceeding  from  the  oWect  are 

the  shilling  forty  times  merely  by  bring-  parallel,  or  nearly  so.    Consequently, 

ing  an  inia^  of  it  near  to  the  eye.  &  we  place  an  object  very  near  the  eye, 

If  the  shilhoc:,  or  object,  is  so  remote  so  as  to  give  it  great  apparent  magni- 

that  we  cannot  place  a  lens  half  way  imje,  and  if  we  can  by  any  means  make 

•  tTI  --^~~i[r7r;T  ^J       ;  "~;~  "  jr  ~ "  ~  the  rays  which  flow  from  it  enter  the  eye 

•  Tii«  aofflc  M  C  N  ID  the  anirlA  naAer  which  the  i               n  i    *             u      xi.                      ^^ 

oiqect  M  iTu  leea  to  an  eje  at  u.  in  /ty.  14.  Q^vly  parallel  to  each  Other,  we  must 
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it  distinctly.  This  is  efTectcd  by 
placing  close  to  the  eye  a  convex  lens, 
Knd  holding  the  object  in  its  focus ;  for 
we  have  ali^ady  seen  that  when  rays  di- 
verge from/,  the  focus  of  a  lens  L  L, 
Jig.  7,  the  refracted  rays  L  R,  L  R  are 
parallel.  By  placing  the  object  a  little 
nearer  than/,  the  rays  which  flow  from 
it  may  receive  that  precise  degree  of 
divergency  which  they  have  when  the 
object  is  placed  six  inches  from  the  eye, 
the  nearest  distance  at  which  we  see 
minute  objects  distinctly.  If  the  distance 
C/is  one  inch,  the  object  at/ will  have 
its  apparent  magnitude  six  times  greater 
than  when  it  is  seen  at  the  distance  of 
six  inches  without  the  lens.  It  is,  there- 
fore, said  to  be  magnified  ncr  times  bv 
the  lens  L  L.  This  lens  is  called  a  single 
microscope,  and  the  magnifying  power  of 

Fig. 


such  microscopes  may  be  always  found 
by  dividing  six  inches  by  the  focal  dis 
tance  of  the  lens.  A  lens,  for  example, 
the  tenth  of  an  inch  in  focal  length,  will 
magnify  60  times ;  and  one  the  hun- 
dredth of  an  inch,  600  times. 

To  <the  telescope  with  one  lens,  which 
magnified  10  times,  when  the  image 
mn  (figs.  U  and  16)  was  seen  by  the 
naked  eye  placed  six  inches  behind  it, 
we  may  now  give  additional  ma^ifying 
power,  by  bringing  the  eye  O  within  an 
inch  of  the  image,  that  is,  bv  viewing 
the  image  nm  with  a  lens  //,  whose 
focal  distance  is  one  inch.  This  lens 
will  magnify  the  image  six  times ;  but, 
as  the  image  had  been  previously  mag* 
nified  ten  times,  by  the  lei)s  L  l*,  the 
magnifying  effect  of  the  two  lenses  wiU 
be  10  X  6,  or  60  times.  This  instrument 

16. 


18  the  astronomical  telescope^  by  which 
oUects  are  seen  inverted,  and  the  mag- 
nixing  power  of  which  is  always  equal 
to  the  focal  length  of  the  object  glass 
L  L,  or  the  lens  next  the  object,  divided 
by  the  focal  length  of  the  eye  glass  I  /, 
or  the  lens  next  Uie  eye. 

Tlie  principle,  therefore,  of  the  tele- 
scope, is  simply  this :  the  object  glass 
fonqs,  in  its  locus,  a  distinct  image,  or 
picture  of  the  object,  which,  thougjh 
very  much  smaller  than  the  object,  is 
yet  seen  under  a  much  greater  angle,  or 


magnified;  and  this  image,  so  magnified, 
is  seen  under  a  still  greater  angle,  or 
still  farther  magnified  by  the  eye  glass, 
which  enables  the  eye  to  see  it  aistinctly 
at  a  less  distance  than  six  inches. 

The  process  of  magnifying  objects  by 
the  single  microscope*  has  iJeen  already 
explained ;  but,  when  a  very  high  mag- 
nifying power  is  required,  it  is  necessary 
to  use  two  lenses,  as  in  the  astronomical 
telescope.  Tlie  object  MN  (fg.  17.) 
is  placed  a  little  farther  from  the  lens 
L  L  than  its  principal  focus,  and  an  in- 


Pig.  17. 


verted  image  of  it  is  fonned  at  nm. 
Tliis  image,  being  in  the  principal  focus 
of  another  lens  ll,  the  rays  which  pro- 
ceetl  from  it  will  be  refracted  into  pa- 
rallel (Sections,  and  thus  afford  distinct 
vision  of  it  to  the  eye  at  E :  the  lens 
L  L  is  called  the  object  glass,  and  // 
the  eye  glass,  and  the  instrument  is 
called  a  compound  microscope.  The  ob- 
ject M  N  is  first  magnified  by  the  object 
l^ass  L  L  in  the  proportion  of  L  m  to 


L  M,  and  this  magnified  image  is  again 
magnified  by  the  eye  glass  /  /,  in  the 
proportion  of  /«  to  six  inches.  Hence, 
if  the  focal  length  of  L  L  is  half  an 
inch,  L  n  six  inches,  and  the  focal  length 
of  II  one  inch,  the  magnifying  power 

will  be  5  X  S  =  72  times,  or  12  times  by 
L  L,  and  again  6  times  by  //. 

•  From  two  Greek  wonb,  signifying  to  li*  imaU 
things. 


Cbaptbk  v.— Catoptbici. 
Reflaion  ofLight-Lau  of  ReJUxi, 


Convex  I 
HiTHBBTo  we  have  considered  only  the 
bj^.t   which    IX    transmitted    throu^ 
tnnsparent  bodies;  but  in  every  case 
where  light  falls  upon  a  body,  a  portion 
ofitislhrownbafiorreflecledfroniits 
lurt'ace,    according    to   a   regular  law. 
The  branch  of  optics  which  treats  of  the    ^  j^i  c  p.    Hence  B  C  P  is  equal  to 
reflexion  of  light  u  called  Catoptrtct,    j^,  ffCP",  and  CB  parallel  to  CB'. 
from  two  Greek  words,  one  of  which    jj^  ^^^^^  (^th  may  be  eawly  prwvcd 
iignifies  from  or  agaitut.  and  the  other    erperimentaUy. 
•       .,  because  things  are  Mm  by  light        S/n^  diverging  ra/t  fall  upon  i 


reflected /roi 


I)  falls 


plane  mirror,  Uiey  will  hare  the  same 
divergency  after  reflexion.  Let  the  nxs 
A  B,  A  D,  A  P,  diverging  from  A  (fy. 
19.)  fall  upon  the  plane  mirror  KS; 


a  polishrt   surface,  i 

like  R  C  3,  or  curved  lihe  r  C  *,  at  the 
point  C,  it  will  be  reflected  in  such  a 
direction  C  B,  that  the  angle  A  C  P, 
which  the  ray  makes  with  C  P,  a  fine 
perpendicular  to  the  surface  at  C,  is 
equal  to  the  angle  B  C  P,  which  the 
reflected  ray  makes  with  the  same  per- 
pendicular. The  angle  A  C  P  is  called 
the  angle  of  incidence,  and  B  C  P  the 
ongle  ^  T^exion.  When  the  rav  ftiUa 
in  the  direction  P  C,  it  ia  reflected  back 
in  the  same  line ;  and  when  the  ray 
falls  in  the  direction  K  C,  it  is  reflected 
in  the  direction  C  S. 

These  results  may  be  easily  proved  by 
reflecting  the  light  of  the  sun  or  a  can- 
dle from  a  piece  of  looking-glass ;  and 
hence  we  may  consider  it  as  a  general 

law,  that  the  ajigieofreftexionii  equal     draw  BC.  DE.  FG,  a 
to  the  angle  of  incidence.  angle  C  B  P  equal  to  A  B  P ;  E  D  P* 

The  bodies  which  are  used  lo  refted  equal  to  A  DP',  and  GFP*  equal  to 
light  are  called  mirror,',  or ijjecoij,  and  AFP"  ;  then  by  continuing  the  Ibes 
are  commonly  pieces  of  metal  or  i;lass,  C  B,  E  D,  G  F  backwards.  Ihey  will  be 
havins;  their  surface  highly  polished,  found  to  meet  at  A',  so  thai  A*  B,  A' D, 
Those  made  ofglass  are  genemlly  quick-  and  A'  F  are  respectively  equal  lo 
silvered  on  one  side,  so  as  to  reflect  AB,  AD,  and  AF;  and  B  AF  equal 
more  light ;  but  in  the  following  obser-    to  B  A'  F. 


IS  supposed  that  the 
made  of  metal.  Mirrors  are  either 
plane,  concave,  or  convex,  according  as 
they  are  bounded  by  plane  or  by  sphe- 
rical surfaces. 

Reflexion  of  rays  from  plane  mirrors. 

—  when  parallel  rays  fall  upon  a  plane 

mirror  they  will  be  parallel   after  — 

in.    If  AC,  A'e(;f^.  lS)aie 


When   converging  rays  fall  upon  a 

plane  mirror  they  will  nave  """ 

convergency   afler  reflexion. 


e  the  s 
This  I 


fall  upon  the  n 
R  S,  and  would  have  met  in  a  point  at 
A',  if  the  mirror  had  not  intervened, 
re-  Since  the  hnes  FA,  DA,  BA  fonn 
two  equal  angles  with  the  perpendicular  at 
mir-  F,  D,  and  B,  they  will  be  the  reflected 
.  '  will  meet  at  A,  in  the  same 
parallel  dhections  C  B,  C  B* :  since  manner  as  they  would  have  done  at  A', 
CP,  C  Pare  both  perpendicular  to  the  had  there  been  no  mirror  to  reflect 
same  plane,  they  are  parallel ;  and  be-    them. 

cause  A  C  is  parallel  to  A'  C,  and  C  P         R^xion   of  paraUel  rngt  bg  can- 
to C  V,  tlie  angle  A  C  P  will  be  equal    care  and  comiex  mirrort. — I^  M  N 
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ijg,  20.)  be  a  concave  mirror,  of  which 
RCEis  the  axis,  or  the  line,  by  a 
motion  round  whicb  the  section  M  N 


i^.20. 


would  generate  a  concave  mirror.  Let 
C  be  tne  centre  of  its  concave  surface 
M  E  N,  and  \etparallcl  rays  R  A,  RE, 
R  B  fall  upon  it  at  the  points  A,  E,  B ; 
these  rays  will  be  all  reflected  or  made 
to  converge  to  a  focus  /,  half  way  be- 
tween C  and  E,  so  that  the  principal 
focal  distance  E/is  half  the  radius  C  E 
of  the  concave  surface.  The  ravRE 
falling  perpendicularly  at  E,  will  oe  re- 
flected backwards  in  the  same  line  £  R, 


Fig.  21. 


and  will  consequently  pass  throud|i/ 
In  order  to  find  the  du-ection  ofR  A 
after  reflection,  draw  CAP,  which  will 
be  perpendicular  to  the  spherical  sur- 
face at  A ;  then  as  R  A  C  is  the  ande 
of  incidence,  make  C Af  equal  to  it, 
and  A  /  will  be  the  reflect^  ray ;  in 
like  manner  find  B  /,  the  reflected  ray 
for  RB.  Now,  since  RA  and  RE  are 
parallel,  RAC  is  equal  to  AC/,  that 
18,  C  A/  is  equal  to  AC/;   conse- 

auently  Cf  is  equal  to  /A.  But  as 
le  point  A  approaches  to  E,/A  will 
become  equal  to  /E,  and  consequently 
/Eto/C. 

By  continuing  all  the  lines  in  the 
figure  to  the  other  side  of  the  mirror, 
the  very  same  reasoning  may  be  used 
to  prove,  that  when  parallel  rays  R' A, 
R'  E,  R'  B  faU  upon  a  convex  nuiTor 
M  A  E  B  N,  the  reflected  rays  A  r,  E  R', 
B  r  will  diverge  as  if  they  came  from  /, 
which  is  called  their  virtual  focus,  and 
which  is  the  principal  focus  of  paralld 
rays. 

R^lexion  of  diverpng  rays  by  con- 
cave and  convex  mirrors.  Let  MN 
{fl^.  21.)  be  a  concave  mirror,  whose 
axis  is  C  E,  and  centre  C,  and  let  O  be 


its  principal  focus  or  focus  of  P&rallcl 
rays,  such  as /was  in  flg.  20.  Then  if 
ravs  RA,  RE,  RB,  diverging  firom  F, 
fall  upon  it,  thev  will  be  reflected  to  a 
focus/ between  6  and  C,  so  that  R  O  is 
to  O C  as  O  C  is  to  O/;  that  is,  the 
distance /O  is  equal  to  half  the  ra- 
dius of  the  mirror  multiplied  by  itself, 
and  divided  by  the  distance  of  the  diver- 

gnt  point  K  or  F  from  the  point  O. 
enoe  by  adding/0  to  half  the  radius 
O  £,  we  obtain/£,  the  conjugate  focal 
length  of  the  mirror  for  rays  proceeding 
from  F.  The  truth  of  this  may  be  easily 
proved  by  projecting  the  reflected  rays, 
and  measuring  the  distances  on  a  scale 
of  equal  parts;  but  the  following  de- 


monstration of  it  is  so  simple,  that  we 
shall  lay  it  before  the  reader.  Let  A  O 
be  the  reflected  ray,  corresponding  to 
the  incident  ray  D  A,  parallel  to  the 
axis  C  E ;  then,  since  D  A  C  is  equal  to 
CAO,  and  since  RAC  is  equal  to 
C  A/,  the  remainder  D  A  R  is  equal  to 
the  remainder  O  A/.  But  in  the  trian- 
gles AR  O,  A/0,  the  anele  A  0  /  is 
common,  and  A  R  O  equal  to  D  A  R, 
which  is  equal  to/ A  O ;  nence  the  trian- 
gles are  similar,  and  R  O  is  to  O  A,  as 
O  A  is  to  O/;  but  O  Ais  equal  toO  C, 
consequently,  ROistoOC,  asOC 
is  to  O/. 

From  this  rule  we  conclude,  and  it  may 
be  clearly  proved  by  projecting  the  ind- 

c 


18  OPTICS. 

dent  and  reflected  rays,  that  when  one  C ;  and  if  they  convex^ee  to  a  point  be« 

of  the  conjugate  foci  K  approaches  to  C,  yond  C,  they  wiH  be  reflected,  diverging 

the  other  focus /also  approaches  to  C ;  as  if  they  proceeded  from  some  point 

and  when  F  coincides  with  C,/ also  CO-  between  C  and  O.     When  they  con- 

incides  with  it ;  so  that  it  follows,  that  verge  to  O,  they  will  be  reflected,  in  pa- 

when  rays  diverge  from  the  centre  of  a  rallel  lines,  or  their  focus  will  be  infi- 

aphere  or  a  spherical  surface,  they  are  nitely  distuit ;  and  if  they  converge  to 

all  reflected  back  again   to  the  same  a  point  /"  between  O  and  E,  they  will 

point  from  which  they  (Uverged.   When  he  reflected  to  a  real  focus  at  R,  which 

K  passes  C  towards  O,/  will  then  pass  wiU  approach  to  £,  as/*  approaches  to 

beyond  C,  and  move  farther  off  as  R  E«  according  to  the  law  already  given, 
approaches  to  O.     When  F  coincides 
with  O,  /  will  be  infinitely  distant,  or 

the  reflected  rays  will  be  parallel.  Chapter  VI. — Catoptrics  ooniinued. 
When  R  passes  O  towards  E,  the  re- 
flected rays  will  diverge  like  A  D',  and  Formation  of  Images  biy  Plane,  Con- 
will  have  their  virtual  focus  about/'  cave,  and  Convex  Mirrors — B^lect- 
behind  the  mirror ;  and  as  R  approaches  ing  Telescopes  —  Reflecting  Micro- 
£,  f  will  also  approach  E.  scopes. 

If  we  continue  the  lines  CA,  CE, 

CB  behind  the  mirror  in  fig.  21,  and  The  principle  of  the  formation  of  images 

suppose  M  E  N  the  surface  of  a  convex  by  murors  is  exactly  the  same  as  by 

mirror,  upon  which  rays  R' A,  R'  £,  and  lenses,  and  the  place  of  the  image  may 

R'  B  fall,  diverging  from  R',  then  it  may  be  determined  from  the  place  ofuie  ob- 

be  proved,  by  the  very  same  reasoning,  ject,  and  the  radius  of  the  mirror,  by 

that  they  wiU  be  reflected  in  the  direc-  flndingthe  foci  or  points  of  conveigence 

tions  A  r,  E  R,  Br  in  lines  which  di-  of  the  rays,  from  the  rules  in  the  preoed- 

Yeige  from  a  virtual  focus  f*,  whose  ing  chapter.    The  i^yplication  of  these 

distance  from  O  or  E  is  found  by  the  rules  we  shall  now  exemplify, 
rule  above  given  for  concave  mirrors.        Formation  o/imagesln/ plane  mirrors. 

As  R'  recedes  from  the  mirror,  /^  will  —Let  R  S  (fig.  22.)  be  the  sur&ce  of  a 
approach  to  O,  with  which  it  wiU  coin- 
cide when  R'  is  infinitely  distant,  and  lig.  22. 
the  rays  l)ecome  parallel.      When  R'                            ^^ 
approaches  to  E,  /"  also  approaches                      ^^^"'^^ 
toE.                                                                   ^01^ 

Reflexion    of    converging   rays    by  ^^^^^ 

concave  and  convex  mirrors. — It  is  ob-  i    ^^^v^ 

vious,  from  fig.  21,  that  all  rays,  such         9^* ^^ 

as  D'  A,  which  fall  converging  upon  the  i    ^y^!^     \  "    /  / 

concave  mirror  M  N,  will  be  reflected  "^^^^  I      '^ / 

to  a  focus/' between  O  and  E,  and  this  «t^%^^^         j   .// 

focus  will  approach  to  E,  as  tJie  point  ^^^*"^^v!/* 

of  convergence/'  approaches  to  E.     It  «; 

maybe  shown  by  the  same  reasoning  as 

for  diverging  rays,  that  /'  O  is  to  O  C,  plane  mhror,  and  M  N  any  object  placed 
as  O  C  IS  to  O/",  /"  being  now  between  before  it,  and  let  the  eye  of  the  observer 
O  and  E.  be  placed  any  where  before  the  minor, 
When  converging  rays  rA,rB(y5^.21.)  as  at  F  G.  Of  all  the  rays  whidi  pro- 
fall  upon  a  convex  mhror  M  N,  as  if  they  ceed  in  every  direction  firom  the  points 
proceeded  to  some  point  /"  between  O  M,  N  of  the  object,  and  are  reflected  from 
and  E,  they  will  be  reflected  to  R'  whose  the  mirror,  those  which  enter  the  m  sR 
distance  from  O  or  E  is  found  by  few  in  number  and  must  be  reflected 
the  very  same  reasoning  which  we  have  from  portions  A  B,  C  D  of  the  minror, 
given  lor  diverging  rays.  Prom  this  it  so  situated  with  respect  to  the  eye  and 
follows,  and  it  may  be  proved  also  by  the  object,  that  the  angles  of  inodeooe 
projecting  the  rays,  that  when  they  con-  of  the  rays  which  fall  on  these  poitioDS 
verge  to  any  point  between  O  and  C,  must  be  equal  to  the  angles  of  reiexion 
they  will  be  reflected,  as  if  they  diverged  of  those  which  enter  the  eye  b^ween  F 
from  R  beyond  C.  When  they  con-  andG.  The  ray  MA,  for  example, wfll 
verge  to  C  they  will  be  reflected  in  the  be  reflected  in  the  diieetioii  A  F/sikI 
same  direction  as  if  they  came  from  the  ray  M  B  in  the  direoticm  BO;  ii 


like  BUBfur,  the  n.n  N  C,  N  D  mil  be 
rea«ted  in  the  directions  C  F,  D  6. 
Now  the  rays  A  F,  B  G,  by  which  the 
punt  M  ii  >een>  enter  the  eye,  F  G,  as  if 
thay  came  from  m,  as  far  behind  the 
mirror  u  H  i«  before  it,  and  the  rays 
C  F,  D  G  enter  the  eye  as  if  they  came 
from  a  point  n,  as  far  behind  the  minor 
u  N  is  before  it,  that  is,  E  m  is  equal  to 
E  M,  and  H  n  to  H  N.  ConsequenUy, 
if  we  join  mn  it  will  be  of  the  same 
leof^h  as  MN,  and  have  the  same  posi- 
tion behind  the  mirror  as  the  object  haa 
before  it.  If  the  eye  FGis  placed  in 
any  other  position  before  the  mirror, 
and  if  rays  are  drawn  froni  M  and  N, 
which  after  reflexion  enter  the  eye,  it 
will  be  found  that  these,  if  continued 
backwards,  will  meet  at  the  points  m 
and  u,  and,  consequently,  in  every  poti- 
tion  of  the  eye,  the  imafe  will  be  leea 
in  the  ivne  spot,  and  of  the  same  siie 
at  equal  distances  from  the  eye.  If  tlie 
otjeet  M  N  is  a  person  looking  into  the 
mirror,  he  will  see  a  perfect  image  of 
himself  at  m  r,  uid  hence  we  have  an 
explanation  of  the  properties  of  the 
looking  gUut. 

If  we  place  an  otject  M  N  0^.  93) 
Fig.23, 


[CS.  » 

exactly  cover  one  another,  if  A.  C  B  is 
60°  or  the  Gth  part  of  a  circle,  as  it  is  in 
the  figure :  but  if  it  is  ever  so  little  less 
or  more,  the  image  m"  n"  will  be  seen 
double.  This  is  the  principle  of  the 
kaleidoscope  *,  so  far  as  the  multiplica- 
tion of  the  images  and  their  general  ar- 
rangement is  concerned ;  but  it  has  no- 
thing  to  do  with  the  principle  of  sym- 
metiy  which  is  essential  to  the  kaleido- 
scope. The  above  truth  is  independent 
of  the  position  of  the  otjectand  the  eye, 
but  the  kaleidoscope  requires  that  the 
object  and  the  eye  have  certain  posi- 
tions, without  which  it  cannot  produce 
symmetrical  and  beautify  forms. 

Fitrmalion  of  image*  by  convex  tnir- 

ror».— Let  R  S  (flg.  24.)  be  a  convex 

Fig.U. 


I  ('tween  two  plane  mirrors  A  C,  C  B. 
Inclined  to  one  another,  at  any  an^e 
A  C  B,  several  images  of  the  object  will 
1  e  formed,  and  they  will  be  airiiged  in 
Ihewrcumferenceof acircle,  TTiis truth 
may  be  dearly  j)roved  by  drawing  the 
ima^  of  the  object  in  its  proper  place 
behmd  each  mirror,  and  then  consider- 
ing each  successive  image  as  a  new  ob- 
ject, and  drawing  its  image.  Bv  doing 
this,  it  wQl  become  evident,  that  the 
image  of  H  N  in  the  mirror  A  C  is  m  n, 
white  its  image  in  B  C  is  M'  N'.  In  like 
manner  the  image  of  the  image  m  n  in 
B  C  will  be  W  n*,  while  the  image  of 
th«imageM'N'inACwinbeM"N*.  It 
wQl  be  found  also  that  ffi*n''is  the  image 
both  of  M"  N*  in  the  mirror  B  C,  and  of 
m-'  n'  in  the  mhror  A  C,  so  that  it  con- 
nsts  in  rea£^  of  two  imagoi  wbitii  wiU 


mirror  whose  centre  is  O,  and  M  N  any 
object  placed  before  it,  then  upon  the 
same  principles  which  have  been  ei- 
plained  fbr  a  plane  mirror,  it  vrill  be 
found  that  an  image  of  it  will  be  formed 
atmn,  thepoints  ni,n being  ascertained 
by  continuing  back  the  reflected  rays 
A  F,BG,  tiff  they  meet  at  m,  andCH, 
D  I,  till  they  meet  at  n.  By  joining  the 
points  M,  m  and  N,  n,  and  continuing 
the  lines  till  they  meet,  it  will  be  found 
that  they  meet  at  O,  the  centre  of  the 
mirror,  whatever  be  the  distance  or  the 
position  of  the  object  M  N.  The  image 
m  n  is  always  less  than  the  object ;  and 
as  it  must  always  be  contained  between 
lines  M  O,  and  N  0,  which  meet  at  O. 
Us  length  m  n  will  be  to  that  of  the  ob- 
ject MN  ut  OnistoON.  WhenMN 
approaches  to  the  mirror,  m  n  will  also 
amroMh  to  it,  and  when  M  N  touches 
the  mirror,  m  n  will  also  touch  it,  and 
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become  equal  to  M  N.     When  M  N  fore,  are  always  seen  diminiilied  in  a 

recedes  firom  the  mirror,  m  n  will  be-  convex  mirror,  unksi  when  they  touch 

come  less  and  less,  and  recede  from  the  it 

mirror  abo ;  and  when  M  N  is  infinitely  Fbrmaiion  qfimagm  b^  oomoaoe  mir- 

distant,  mn  will  be  at  E,  the  virtual  rora, — Let  MN  {fif,  25.)  be  an  object 

focus  of  parallel  rays.    Objects,  there-  at  a  considerable  distanee  firom  a  con- 

2^.25. 


cave  mirror  R  S,  whose  centre  is  C  and  nation   constitutes    the  Ca»»^praimaM 

principal  focus  F :  then,  as  the  rays  from  reflecting  teie»ccpe.   The  former  instni- 

M  faU  diveiging  on  the  mirror,  they  will  ment  is  called  after  its  inventor,  James 

be  reflected  to  a  focus  at  m,  a  little  Gregory ;  the  latter  after  its  inventor, 

without  its  principal  focus,  and  there  Monsieur  Cassegrain.    In  these  tda- 

form  a  representation  of  the  point  m ;  copes,  the  magnifying   power  is   de- 

in  like  manner  the  rays  diverging  fit>m  tennined  in  the  very  same  manner  as 

N  will  be  reflected  to  n,  and  there  form  a  for  convex  lenses,  or  combinations  of 

picture  of  N ;  so  tiiat  there  will  be  an  in-  them ;   the  size  of  the  image  being 

verted  image  n  m  of  the  object  formed  a  always  to  the  size  of  its  otgect,  as  the 

little  wi^out  the  principal  &cusF.  This  distance  of  the  imasje  firom  thenuRor 

ima^e  seems  to  m  suspended  in  the  air,  is  to  the  distance  of  me  object. 
and  has  a  very  singular  appearance  when       When  the  object  is  pliuc^  nearer  a 

it  is  received  on  a  thin  blue  smoke  firom  concave  mirror  than  its  principal  focus 

a  chafing  dish  placed  below  m.    As  the  F,  the  rays  will  not  have  their  focus  in 

object  ^f  N  recedes  from  the  mirror,  tlie  front  of  the   mirror,  but  will  diverge 

image  m  n  approaches  to  F,  with  which  as  already  shewn,  fit)m  conjugate  foci 

it  coincides  when  M  N  is    infinitely  behind  the  mirror,  where  they  will  fonn 

distant  This  is  the  principle  of  the  Bc'  a  correct  representation  of  the  ol^ect 

fleeting  telescope.    If  we  conceive  m  n  The  image  is  highly  magnified  when  the 

to  be  a  small  object,  then  the  rays  di-  object  is  near  the  focus,  but  it  gra- 

yerging  firom  it  will  form  an  enlarged  dually  diminishes   as   the  olject   ap- 

image  of  it  at  M  N,  which  may  be  preaches  the  mirror,  and  it  becomes 

either  viewed  by  the  e)re,  or,  which  is  eq^uaJ  to  it  when  the  object  touches  the 

better,  by  a  convex  lens,  in  which  case  it  nurror. 
constitutes  a  Reflecting  microscope. 

If  we  consider  the  image  m  n  as  a  new 

object,  and  place  a  small  concave  mirror  Chapter  VII. — On  Spherical  Aberra- 
r  s  behind  it,  so  as  to  form  an  enlar^  iion  in  Lenses  (xnd  Mirrors. 

image  of  that  image,  the  rays  of  which 

pass  through  a  hole  £,  in  theiarge  mirror  In  treating  of  the  refraction  of  rays  at 

RS;  then,  this  second,  or  enlarged  image,  the  surfaces  of  spheres  and  lenses,  we 

maybe  eitherviewed  by  the  eye  behind  E,  have  supposed  that  all  the  rays  meet 

or  magnified  still  more  by  a  convex  lens,  exactiy  in  the  focus.    This,  however,  is 

In  this  case,  the  combination  l)ecomes  not  exactly  true ;  for  iU  in^.  6,  the  ray 

the  Gregorian  reflecting  telescope.  If  we  AC  is  refi*acted  by  the  sphere  L  L  to 

make  the  small  mirror  rs  convex,  and  the  point/,  another  ray  falling  upon  the 

place  it  between  F  and  nm,  so  as  to  sphere  nearer  the  axis,  any  where  be- 

mtcrcept  the  rays  before  they  actually  tween  C  and  H,  will  have  its  focus,  or 

meet  their  virtual  foci,  n  m,  then  an  en-  will  intersect  the  axis,  at  a  point  jT 

larged  image  of  this  virtual  im^  will  fJEurther  from  the  sphere  than/.    This  is 

be  formed  somewhere  about  £,  and  easily  proved  by  actually  projecting  the 

may  be  magnified,  as  before,  with  a  refhLctedrays,and  if  it  isdoneforUiose 

convex  lens.    In  this  case,  the  combi-  rays  farthest  from  the  axis,  and  fbr  those 
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nearest  the  axis,  the  difference//'  be- 
tween the  foci  of  these  rays  is  cdled  the 
spherical  aberration,  or  the  aberration 
or  etraying  of  the  rays  from  the  focus, 
caused  by  Uie  epfuBrical  figure  of  the  lens. 
That  this  aberration  arises  from  the  cur- 
vature of  the  glass  being  equal  or  sphe- 
rical at  C  ana  at  H  is  evident,  for  ii  the 
glass  was  rounder  or  more  convex  atH 
than  it  is,  it  would  have  a  focus  nearer 
the  sphere,  and  the  ray  which  it  now  re- 
fracts only  to/'  would  be  refracted  to/; 
or  if  when  H  remains  the  same,  the  ^lass 
were  made  flatter  at  C  than  it  is*  it 
would  refract  the  rays  to  a  more  distant 
point  than  at  /.  Hence,  in  order  to  re- 
fract rays  at  mfferent  distances  from  the 
axis  to  the  same  point,  the  glass  must 
have  different  degrees  of  curvature  at 
different  distances  from  the  axis. 

By  actually  projecting  the  refracted 
rays  for  spheres  and  lenses  of  different 
kinds,  which  we  stronglv  recommend  to 
the  student,  he  will  obtain  the  follow- 
ing  results  :— 

1.  In  a  plano-convex  len$  with  its 
plane  fide  turned  towards  parallel  rays, 
that  is,  turned  ouhoarda,  if  it  is  to  form 
an  hnage  behind  it,  as  in  the  object  glass 
of  a  telescope ;  or  invoanU,  if  it  is  to  be 
used  as  a  single  microscope,  the  aberra- 
tion is  H  times  its  thickness*. 

2.  In  ti plano-convex  lens  with  its  con- 
Tex  side  towards  parallel  rays,  the  aber- 
ration is  I  i^ths  of  its  thickness.  Hence 
in  using  a  plano-convex  lens,  the  paral- 
lel rays  should  always  be  incident  on  its 
conrex  surface,  or  emerge  from  it 

3.  In  a  double  convex  lens  with  eaual 
convexities,  the  aberration  is  li^aths 
of  its  thickness. 

4.  In  a  double  <xmr«ri^fM  whose  radii 
are  as  2  to  5,  the  ab€nTation  is  the  same 
as  in  the  piano  convex  lens  (61,)  if  the 
side  with  the  radius  5  is  tumea  towards 
paraUd  rays;  and  the  same  as  the 
plano-convex  lens  ($  2,)  if  the  side  with 
the  radius  2  is  turned  towards  parallel 
rays. 

5.  The  lens  with  least  spherical  aber^ 
raium  is  a  double  convex  one,  whose 
radii  are  as  1  to  6,  the  side  whose  radius 
is  1  bong  turned  towards  parallel  ra;|rs. 
The  aberration  is  thenlT^vdths  of  its 
thickness.  When  the  side  with  the 
radius  6  is  turned  to  parallel  rays,  its 
abfrration  is  SyV^ths  of  its  thiclmess. 

If  we  call  the  aberration  of  the  pre- 
ceding lens  1,  Mr.Herschel  has  shewn 
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that  the  following  are  (he  aberrations  of 
otiier  lenses. 

Best  form  as  in  $  5      •        -  1.00 

Double  convex  or  concave  ..567 

Plano-convex  or  concave,  curved 

surface  towards  parallel  rays 
Plano-convex  or  concave,  plane 

surface  towards  paralled  rays 

As  it  is  desirable  to  reduce  the  aberra- 
tion below  once  the  thickness  of  the  lens, 
and  as  this  cannot  be  done  by  a  single 
one,  we  must  have  recourse  to  two  lenses 
put  together.  Mr.  Herschel  has  shewn 
that  if  two  plano-convex  lenses  are  put 
together  as  mfig,  26,  the  aberration  will 

Fig.  26. 


be  only  0.2481,  or  one-fourth  of  that  of 
a  single  lens  in  its  best  form.  The  focal 
length  of  the  first  of  these  lenses  must 
be  to  that  of  the  second,  as  1  to  2 .  3.  If 
their  focal  lengths  aine  equal,  the  aberra- 
tion will  be  0 .  603,  or  nearly  one  half. 

The  spherical  aberration,  however, 
may  be  entirely  destroyed  by  combining 
a  meniscus  and  double  convex  lens,  as 
shewn  m^g^27  and  28,  the  convex  sides 

Fig.  27. 


being  turned  to  the  eye  when  they  are 
usedas lenses,  and  to  parallel  rays  when 
they  are  used  as  burning  glasses.   Mr. 

i^.28. 


iuibicT-^inrS.^^  Herschel  has  comnuted  the  following 

cvmfereBo^  u  cuTvatures  for  these  lenses :— 
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Flgb  S7.  Tig.  tt. 

Pocallengthot  the  eowew  lent +10.000 +  10.000 

Radius  of  its  first  surface  -j-  8.88S +  5.833 

Radius  of  its  second  surface —85.000 «-S5.000 

Focal  length  of  the  MtniMCUi   +  17.W9 +  5.407 

Radius  of  iu  first  surface  -4-  S.688 +  9.054 

Radius  of  its  second  sur&ce +  6.S9I +  8.1S8 

Focaliength  of  ihe  compound  Urn  +  6.407 +  S.474 

A  single  lens  mavbe  made  free  from  thematical  point  fi  Now  this  eunre  is 
aberration  for  parallel  rays,  provided  the  actually  a  parabJof  and  henoe  the  ipe- 
surface  which  receives  the  parallel  rays  ctda,  or  mhrrors,  of  all  reflecting  tele- 
is  part  of  an  ellipsoid,  (or  prolate  n>he-  scopes  are  ground  into  the  shape  of  a 
rhid,  formed  by  the  revolution  of  an  paraboloid^  or  a  surface  formed  by  the 
ellipse  round  its  greater  axis,)  whose  revolution  of  a  parabola  round  its  axis, 
fzpreater  axis  is  the  index  of  refraction  of  By  the  same  reasomnr  it  may  be 
the  substance,  the  distance  between  its  shewn  that  when  rajrs  rail  diverging 
foci  being];  and  provided  that  the  from  any  point  RC/te".  21.)  on  a  concave 
second  surface  is  concave,  and  whose  spherical  miiror  A  B,  they  will  not  be 
centre  is  the  farther  focus  of  the  spheroid,  refracted  to  the  same  focus,  as  the  rays 

A  sir^le  lens  may  also  be  made  free  of  near  the  axis,  such  as  RE,  and  that 

aberration  for  parallel  rays,  provided  the  such  rays  can  only  be  reflected  to  the 

surface  which  receives  parallel  rays  is  same  focus  with  tnose  near  the  axis, 

glane,  and  the  other  surface  part  of  a  when  the  sur&ce  A  E  B  is  such  that 

yperboloid,  formed  by  the  revolution  of  lines  drawn  from  two  points  R,/  form 

a  h)'perbola,  whose  greater  axis  is  the  e^ual  angles  with  a  Ime  C  A,  peipen- 

index  of  refraction  of  the  substance,  the  dicular  to  the  surface  at  the  point  where 

distance  between  the  foci  being  1 .  the  ray  falls.    Such  a  sur&ce  is  that  of 

Spherical  Aberration  of  Mirrors. —  an  elhpsoid,  whose  fod  are  R  and/;  so 

In  determining  the  focus  of  parallel  that  wnen  rays  diveige  from  one  focus 

rays  reflected  t)y  a  concave  spherical  of  an  ellipsoid,  they  are  accurately  re- 

muTor,  M  N  (Jig.  20.)  it  has  been  proved  fleeted  to  the  other  ibcus.     Hence,  in 

that  the  focus /is  always  so  situated  in  reflecting  microscopes,  tiie  mirror  should 

the  line  C  £,  that  for  any  ray  R  A,  C/  be  always  a  portion  of  an  ellipsoid,  in 

is  equal  to/ A :  but  if/'^is  the  focus  of  one  focus  of  which  is  the  otgect,  and  in 

rays  very  near  R  £,  so  that  C/'  is  equal  the  other  the  image, 
to  /'  E,  then,  as  /'A  is  greater  than 

/'  E,  /'  cannot  be  the  focus  of  the  ^              ^rur     n 

rayRA;  and.  consequently,  its  focus  Chapter  VIII.— Chromatics. 

must  be  nearer  E,  or  at/,  in  order  that  Decomposition   of   White   Light  into 

C/may  be  equal  to  /A.    As  the  ray  Coloure^Different  refrangtbiUty  of 

R  A  recedes  from  the  axis  R  E,  /  A  differently  coloured  Ba^s-^Reconwo- 

wUl  become  greater  and  greater  m  pro-  g{ii(^  qf  white  light. 
j)ortion  to/'  E ;  and,  therefore,  tlie  focus 

/must  come  nearer  and  nearer  to  E,  in  Hitherto  we  have  considered  light  as 

proportion  as  the  ray  R  A  recedes  from  a  simple  substance,  and  all  its  parts  or 

R  E .    The  distance//'  for  any  ray  R  A  rays  as  refracted  in  the  very  same  manner, 

or  R  B,  or  for  a  spherical  mirror,  whose  by  tlie  lenses  upon  which  they  fall.  This, 

diameter  is  A  B,  is  called  its  sp/terical  however,  is  not  the  case.    The  it Ai7c 

aberration.    This  aberration  obviously  light,  which  comes  from  the  sun,  or 

increases  in  the  same  mirror  with  the  from  any  other  luminous  body,  is  actu- 

diameter  A  B  of  its  aperture ;  and,  in  mfr-  idly  composed  or  made  up  of  seven  dif- 

rors  of  different  curvature,  it  increases  ferent  kinds  of  light  of  different  colours, 

with  the  curvature,  for  it  is  clear  that  if  viz.,  red,  orange,  yellow,  green^  blue,  in- 

the  surface  A  E  B  is  more  concave,  /  A  digo,  and  violet.  These  colours  often  ap- 

will  increase  faster  in  proportion  to/E.  pear  by  themselves,  and  the  white  light 

Hence,  it  is  plain,  that  if  we  had  a  curve  from  which  they  are  produced  is  decom- 

of  such  a  nature  that  aline  R  A  parallel  posed,  or  separated  into  its  elemcfts, 

to  its  axis  C  E,  and  another  hne  A/  bv  different  processes,  which  we  sBall 

drawn  from  A  to  a  fixed  point/,  should  presently  explain, 

always  form  an  equal  angle  with  C  A,  a  That  branch  of  optics,  which  tresis 

line  perpendicular  to  the  curve  at  A,  we  of  the  colours  of  lu(ht,  of  their  physical 

should  then  have  a  surface  which  would  proiiertics,  and  ofttie  hiws  according  to 

reflect  parallel  rays  to  a  focus  or  ma-  which  white  light  is  decomposed,  and 


reeomposed  tetm  its  dementi,  is  called 
Chromatici,  &om  a  Greek  word,  which 
signifies  eoUmr, 

If  we  were  required  to  decompose  a 
B  rMfruA  grvy  powder,  consisting  of  fine 
brsss  filinn,  snd  fine  steel  filings,  we 
could  euiW  do  it  by  putting  into  the 
powder  a  loadstone,  which  would  in- 
stant^ attract  all  the  blue  sleel  filings, 
and  leave  behind  the  yellow  brass  filings, 
thus  decomposing,  as  it  were,  the  green- 
ith  grtg  powder  into  the  yeUoio  and 
6tut  powdo^,  of  which  it  consists.  If 
the  tutl  filings  were  all  much  smaller 
than  the  bran  ones,  we  could  hare  se- 
parated them  Btill  easier,  by  a  siere, 
tritOM  meshes  (»-  holes  would  permit  all 
the  steel  filings  to  pais,  while  they  re- 
tained the  brass  ones. 

Tbe  decompoution  of  light  is  efiMed 
in  manj  cases,  by  processes  somewhat 
analogous.  In  the  experiments  on  the 
refraction  of  toater,  which  are  described 
in  Chap.  II.,  and  iliustrated  in^.  2,  we 
used  tMi'te  Ii^t,  and  we  found  its  re- 
frutiTC  power,  which  is  represented  by 


now  repeat  the  same  experiment,  and 
make  the  light  which  passes  down  the 
tube,  red,  orange,  yellow,  green,  blue, 
indigo,  and  vtaki,  in  succession,  wo 
shaU  find  that  each  colour  has  a  dificrent 
refractire  power  of  its  own,  that  of  the 
red  being  the  UatI,  and  (hat  of  the  vioUt 
thematert.  The  following  will  be  the 
resmti  with  water,  crown,  and  fiint  glass : 


.J^a*!: 

27jfiS:  SS^^SS- 

R«d     .. 

..1.8S10 

.5sse        1 

ISTT 

Orange 

..i.Msn 

.Si68            1 

!ia9T 

Yellow 

..i.ms 

.53%)            1 

t43n 

Blue    .. 

..1.SW8 

.5380            1 

F14S3 

.GtIT            1 

WIfl 

Violet 

..!.M« 

.5466            1 

6TI1 

Hence  we  may  conclude,  that  the  rays 
of  light  of  diffferent  colours  have  difi'erent 
degrees  of  refraction,  or,  as  it  is  express- 
ed, different  r^rangitrilitiei. 

The  method  by  which  Sir  Isaac  New- 
ton est^ished  this  great  discovery 
is  shewn  in^.  29. 


In  tbe  window  shutter  E  G  of  a  dark 
room,  be  made  a  hole,  F,  about  one- 
third  of  an  inch  broad,  and  he  placed 
behind  it  a  glass  prism  A  fi  C ,  so  thst  the 
beam  of  the  sun's  light  SFmi^t  enter 
and  leave  the  prism  at  equal  an^es  as 
described  in  page  8,  col.  1 . 

Beton  the  interposition  of  the  prism, 
the  beam  8  P  proceeded  in  a  straight 
line  to  Y,  where  it  formed  a  round 
white  spot;  butiwing  now  refracted  by 
the  prism,  it  will  form  upon  the  screen 
M  N  an  oblong  image  P  T,  containing 
seven  colours,  as  enumerated  in  the 
figure,  the  red  being  least,  and  the  vio- 
let tnoil  refracted  Erom  the  original  di- 
rection 8  Y  of  the  solar  beam.    This 


oblong  imaffe  is  called  the  tolar,  and 
Bometunes  meprismalic  spectrum.  By 
making  a  hole  m  the  screen  M  N  oppo- 
site any  one  of  these  colours,  so  as  to 
allowitalonetopass;  andby  letting  the 
colour  thus  separated  foJI  upon  b  second 
I»ism,  Sir  Isaac  found  that  the  light  of 
each  of  the  colours  was  alike  refrangible, 
because  the  second  prism  could  not  seps^ 
rate  them  into  an  oolong  image,  or  into 
any  other  colour.  Hence  he  caLed  all 
the  seven  coloins  tintple  or  homogeae- 
oiM,  in  opposition  (o  white  light,  which 
he  called  compound,  or  helerogeneotu. 

With  the  prism  used  by  Sir  Isaac, 
he  found  tbe  lengths  of  the  colours  and 
spaces  to  be  as  follows:— Red,   ii-. 
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onui^,  27 ;  yellow,  40 ;  green,  60 ;  blue,  Althougfa  Sir  Isaac  Newton  seems  to 
60 ;  indigo,  48 ;  violet,  80 :  or  360  in  all.  have  made  use  of  prisms  of  different  sub- 
But  these  spaces  vary  with  prisms  of  stances,  yet  it  is  stranfl;e  to  say,  that  he 
different  substances,  and  as  they  are  never  observed  that  they  formed  spec- 
not  separated  by  distinct  limits,  but  tra,  whose  lengths  PT  were  different, 
shade  gradually  mto  one  another,  it  is  when  the  mean  refraction  of  the  green 
almost  impossible  to  obtain  any  thing  ray  was  the  same.  If^  for  example,  we 
like  an  accurate  measure  of  their  rela-  make  a  prism  of  phUes  of  glass,  and 
tive  extents.  This  difficulty  is  increased  fill  it  with  oil  of  cassia,  and  adjust  its 
too  by  the  circumstance,  that  as  the  refracting  angle  A  C  B,  so  that  the  mid- 
spectrum  is  brightest  in  the  yellow  die  of  me  spectrum,  which  it  fonon, 
space,  and  grows  friinter  and  fainter  fidls  exactly  on  the  point  6,  vdiere  the 
towards  the  mi  and  the  violet  extremi-  green  space  is  with  the  class  prism, 
ties,  its  len^  increases  with  the  inten-  Sien  we  shall  find,  that  the.  spectrum 
sity  of  the  light  fix)m  which  it  is  formed,  of  the  oi/  q^  cassia  prism  will  be  iwo 
Having  thus  decomposed  white  light  or  three  times  longer  than  that  of  ^e 
into  its  seven  primary  colours.  Sir  Isaac  glass  prism ;  the  oil  of  cassia  is  therefore 
Newton  shewed,  that  these  seven  co-  said  to  disperse  the  rays  of  light  more 
lours,  when  again  put  together,  or  com-  than  the  glass,  that  is,  to  separate  the 
bined,  recompos^  white  light  This  extreme  r^  and  violet  rays  at  T  and  P 
may  be  proved  rudely,  but  yet  accu-  more  from  the  mean  rayG,  and  to  have 
rately  enough  for  the  purposes  of  iUus«  a  ereater  dispersive  power, 
tration,  by  mixing  together  seven  diffe-  In  order  to  obtain  a  distinct  measure 
rent  powders,  having  the  colours  and  of  the  dispersive  power  of  a  body,  let 
proportions  indicated  above ;  or,  what  is  us  sup{K>se  that  the  prism  A  B  C  is 
Detter,  by  painting  the  rim  of  a  wheel  filled  with  water,  and  that  by  the  me* 
with  the  seven  prismatic  colours,  and  thods  desoibed  in  Chap.  II.  we  find  the 
making  it  revolve  rapidly  about  its  axis,  index  of  refraction  for  the  extreme  vio- 
In  both  these  cases  the  mixture  of  the  let  ray  P  to  be  1.330,  and  that  of  the 
colours  will  be  a  sort  of  myish  white,  extreme  red  ray  T,  1.342 ;  then  the  dif- 
because  the  colours  emploved  cannot  ference  of  these,  or  0.012,  would  be  a 
{)ossibly  be  obtained  of  me  proper  measure  of  tlie  dispersive  power  of 
tints,  or  laid  on  m  the  proper  proper-  water,  if  it  and  all  other  bodies  had  the 
tions.  A  more  accurate  proof  is  obtained  same  mean  refraction;  but  as  this  is 
by  making  the  prismatic  spectrum  fall  not  the  case,  the  dispersive  power  must 
on  a  lens  or  concave  mirror,  and  thus  be  measured  by  the  relation  oetween  the 
bringing  the  whole  seven  colours  into  a  separation  of  the  extremes  rays  P,T, 
focus,  which  will  be  white  and  the  mean  refraction ;   or  oetween 

the  difference  of  the  indices  of  refraction 

^               TV       n  ^^^  ^^  extreme  red  and  the  extreme  vio- 

Chaptkr   IX. -■  Chromatics   can-  let,  and  the  difference  between  the  Smes 

Unuea.  ^f  incidence  and  refraction,  to  whk^ 

Dispersion  of  Li^ht-- Dispersive  Paw-  ^^  mean  refraction  is  always  propor- 

ers— Table  of  Dispersive  Powers.  ^®JJ~-     ...          -  ^.      ••«, 

Thus,  m  diamond,  the  dinerenoe  be- 

In    the      prismatic    spectrum    P  T,  tween  the  indices  of  the  red  and  violet 

formed  by  the  prism  ABC,  {fi^.  29),  ray  is  0.056,  nearly  j^  times  grnUer 

the  green  space  6  is  placed   m  the  than  0.012  which  it  ism  toot^;  but  thai 

middle  between  P  and  T;  and  hence  the  difflerence  between  the  Sines  of  inci- 

it  has  been  called  the  mean  ray  of  the  dence  and  refraction,  viz.  1.439,  is  also 

spectrum :    tiie   index    of    ren^action,  nearly  five  times  greater  than  0.336, 

which  belongs  to  it,  is  called  the  mean  which  it  is  in  water ;  so  that  the  real 

refractive  power  of  the  prism ;  and  the  dispersive   power  of    diamond  is  not 

angle,  which  the  green  ray  forms  with  much  greater  than  that  of  water.    The 

the  line  S  Y,  the  mean  refraction  of  the  ratio  of  the  dispersive  powers  will  be 

prism.  thus  expressed  :— 

For  Waier..  ':1J?JLL'-^  or  M!*  =  0.0S51  Dispersive  power. 

1 . So6  —       1  0 . 386 

For  Diamond  ^.A^-^-^^i?  or   ?iP^  =  0.0S88  Ditpemv*  power. 


OPTICS.  M 

In  the  followinf^TABLB  wetukve  pven  tSS.t 

the  dispBTBive  powers  of  various  bodies                                                 m   njn  ^^ 

as  detennincd  by  Dr.  Brewster.    The  »™»  "^ 

first    coiumn   contains  Ihe    disptrsive  Oil  of  Fennfietk (J.OSO  0M4 

power;  and  the  second,  the  ditlerence  or  Oilof  CatrawaySeedi ....  0.0«  O-Oa* 

the  indices  of  refraction  for  the  red  FliDtGla« 0.048  O.oa9 

mdTiolet  rays,  or  the  part  of  the  whole  GumThu... 0.048  O.MS 

refraction  tTwhich  L  dispersion  is  g!  ""b^X'   ooll  So*! 

equal.  He««.,;f.«-idthe&fafthe  Sliric'^;!::::::.':::::  S:S«  S:Ssl 

numbersmthelastcolomntotheuMlec  Cswda Bataam OJOAi  OJWI 

ofrefifliction,  we  shall  have  the  index  of  cajepmOil  0-044  O.Oil 

refraction   for  the  pvlrenieifittiet  rsy ;  Zircon,  gt- n^ 0.044  0.045 

andifwesubtTHclit,  we  shall  h&veihe  Mmlmic  Acid     0.043  0.016 

indes  for  the   extreme   red  ray.    We  Oilof Turpeniine 0.041  0.080 

may.  therefore,  obtain,  by  means  of  the  Daliam  orCapiri 0.041  O.Oil 

second  column  in  the  table,  the  length  Caic.  Spar,  gr.  reft 0.040  o.OST 

ofthe  spectra,  formed  by  prisms  of  any  SulphBieodren  0.0S9  0.019 

of  the  substances  it  conl^ns.  for  any  K!?i:?S^" nn^  «nta 

refracting  an,le,  for  any  portion  of  U.  ^^:::::::\:::  ^  IZl 

pnsm.  and   for   any  distance  of    the  j^^^^^ „0,g  g^,, 

screen,  upon  which  the  spectrum  is  re-  caitorOil 0.086  0.018 

ceived.    In  doin^  tMs,  however,  it  mutt  C[ownGlBu,vF""<'»n     -  o.<\»b  n.nan 

be   recollected,  that  tiie  measures  here  Water 

given  are   suited  1o  the  ordinary  light  Glaiu  of  Boiai 

of  the  sky;  and  that  when  Ihe  sun's  CrowDGbui  .. 

image  is  used,  and  ivhen  threat  care  is  Oil  of  Wine  , , 

takm  to  screen  the  middle  ra^  of  the  Plao  Olau. . . . 

spectroin,  the  red  and  the  violet  are  SiiipliuricAcid 

fbund  to  extend  to  a  greater  distance  Niii>^.  li^asirrfi 

lhnth«ii»iii»jr.  ??'" 


Alcoliol 

Ti.L.  of  D,».»,v.  IW.„.        ?"'tti:."^."".: 


O.OSS 

0.013 

0.0S4 

oma 

O.OSS 

0.016 

0.0  Si 

0.O19 

O.0SS 

0.0  IT 

0.031 

0.014 

0.030 

0.009 

0.030 

0.014 

a.us9 

0.0 11 

TounOBline 

i3Si     RockCrjnal 0.Q9B     0.014 

»_—  ^5i     Emerald 0.0S6     O.OIS 

iSSr     nr*.  CalcaRousSpar.leHlrefr..     O.036    0.016 

Cbt«nia(Bot)eBd,gT.iefr.  eat.  0.400  0.7T0    Blue  Sapphire   0.016    0.0S1 

^— leaHieft.     0.»6a  0.888    BluiihToFU O.OiS    0.018 

BMdnr.melled 0.160  0.384    Chcjioberrl 0.035    0,019 

Oil  ofCkwia O-'-™  °-°^  Sulphate  of  SuoDlilei  .. . .      0.034     0.015 

SalidMr.atter fusion 0.130  0.149     Fluor  Spar 0.033    0.010 

Pholphotu.    0-l»8  O.ise     Cryolite 0.033     OJW 

SulphufT.  ..ffartiun    ....      0.115  0.011 

B»lHim  of  Tolu 0.103  0.085  ][  jg  obvious,  fr-om  the    preceding 

Balnm  of  Peru 0.09!  0.058  ^esulls,   that   ditferent   bodies    possess 

Bail>ado«AIoe. 0.085  0.05B  y,.™  different  powers  of  dispersinE.  or 

OilorBHterA^oBd.,...     O.0T9  0.048  ^f /q,„„ting  the  coloured  rap  of  fi^^t. 

0,lofAD.«Se«l.   0.077  0.044  if '„e  now  proceed  to  a  more  miiiute 

^t™  ^      2:S«  lifi  examinationofspectra  of  equal  lengths, 

OilofCnmmid". 0.065  0.03S  bytwo  bodiesof  verydifferentdis-persive 

OilofTolacco 0.064  0.035  powers,  such  as  oi/ ^f  cQtMd   and  «u(- 

Oilof  Cloves 0.063  0.033  phorie  aeid,  we  shall  observe  a  very 

Sulphate  of  Lead 0.080  0.056  remarkable    ^fference  between  them. 

Oil  of  Sa«Mfrfl« 0*89  0.0S9  If  A  B,  for  example,  (/rf.  3U.)   is  the 

Muiiaie  of  Antimony,  re-  spectrum,  produced  by  a  prism  of  oiV  o/ 

(raciive  power....  1-598    O.OSO  0.016  ,i.  and   C  D  that   produced  by   a 

BMin 0-0"  0-OM  ,,„.,„  of  «„/pAur.eac{rf:  then  we  shaU 

Oil  of  fennel  Seed. O.OM  0.088  iin,|.  Ihat  the  least  refrangible  colours, 

SlSt"""".'.'.:"'.'.';.     0^53  IZl  -'■   "^<^<-  ^"d  y-^---   '"^^<^P^ 

rtT  f P        i'  0053  0006  ;'■«■  spaces,  or  wiU  be  more  coflfroc/erf 

pl'  ,  ri  «*      0053  0.036  in  the  oil  otcassiaspectrum  than  in  the 

OiUtA^lKa!".'.'.:'.'.:'.".     0:05l  0.031  sulplmnc   acid  one;    whUethe  most 

OilofTbjme O.OM  0JM4  refrangible  colours,  blue,  tmiigo,  wai 


fSg.  30. 


v^-' 
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Cbapmb  X.— /■?i«^«*»mu  V  Ae 
B^hastiag   Telenapt  —  Ac"- *■- 

Teteteope — Dr.  Biab't  a 

TOetmpet. 
Thb  utplicaHon  of  the  p__  _ . 
pkined  m  the  praeeding  ch^ftr  to  the 
unprarementoilhe  nmctiagtelMeope, 
forms  one  of  the  moit  interestiiig  por- 
tions of  optical  science.  If  wa  take  a 
prism  A  oC,Jtg.  99,  hRTing the  an^ 
^AC  =  A  C  B,  sod  formed  of  the  Tery 
same  substance  as  ACB;  and  if  ne 

5 lace  it  in  contact  trtih  ACB,  it  will 
eitroy  or  correct  the  spectnun  PT.  bjt 
re&acting  the  whole  of  the  njt  se- 
parated by  the  prism  A  B  C  to  the  aame 
ir  will  point  Y,  where,  Iw  thdr  nature,  thef 
«' the  coloured  will  fhrm  white  ^^  fiw  MMntioii 
■paces  have  not  the  same  ratio  to  each  arisinjt  from  the  leftaetioii  aM  dqier- 
other  as  the  len^s  of  the  spectrum;  sionoftheflntprismbangexactly com- 
and  therefore  this  property  is  called  the  pensated  or  tnlaneed  bnr  the  lefVaction  of 
irrationatity  of  aimeriiim,  or  of  the  the  second  prism*.  lithe  angle  AAC 
coloured  spaces  in  the  spectrum.  This  isless  thBnACB,thaBeoond  prism nill 
property  is  distinctly  shewn  in  the  above  neither  correct  the  refraction  nor  the 
figure,  from  which  it  will  also  appear,  dispersion  of  the  first,  and  a  short  spec- 
tlut  the  mean  ray,  m  n,  is  among  the  trmn  will  be  fbrmed  a  little  above  Y ; 
Uueraysin  theotJf/oMtta  specfum;  indifA  AC  u  ereataOian  ACB,  the 
and  amonK  the  grtm  rays  in  the  ml-  lecond  prism  will  man  than  correcl  the 
phuric  ocfd  sp«:lrum.  fint,  and    a  short  speo^um   wiU  be 

As  the  examination  and  measurement  fbrmed  t>elow  Y.  Uenoe  it  is  manifest, 
of  this  property  of  transpajent  bodies  is  that  by  combining  prisms  of  the  same 
very  difficult,  we  can  give  only  a  list  of  Idnd  of  glass  in  Ue  manner  shown  m 
■ubstancCB,  arran^  nearly  in  the  order  Jig.  29,  we  cannot  make  the  ray  SY 
into  which  they  contract  the  less  refhm-    deviate  Irom  its  direction  without  pro- 


gible  spaces,  and  expand  the  i .. 

frangible  ones,  according  to  the  experi- 
ments of  Dr.  Brewster. 

Oil  of  Cassia  Oil  oTOIivn 

Sulphur  Calcaraout  Spat 

Sulphuiel  or  Carbon  Rock  Salt 

BalumofTolu  Gum  Ji 


dueing  the  prismatic  spectrum ;  t 
is,  we  cannot  product  r^fraetiom  without 
producing  colour.  Now,  aa  we  have 
already  shown  that  everr  lena  acta  ei> 
actly  hke  a  prism,  it  followB  also,  that 
we  cannot  combine  a  concave  and  a 
BaUam  oflolu  Gum  Juniper  !»"'«  ^*  of  the  same  glass  to  refract 

Oilotbilter Almond!     Tartrale  ofpotaili    ">  oppoaita  du^tions,  without  produ- 

n  colour :  for  when  we  succeed  m 
ng  two  which  destroy  the  colours, 
we  shall  find  also  that  the  refraction  is 
destroyed,  and  that  the  two  lenses  put 
together  resemble  a  watch-g^aas.  whidi 
has  not  the  property  of  a  lena  at  all. 

In  the  same  manner  as  we  have  non 
reasoned  respecting  prim*  or  hn»t*  «^ 
the  iarne  glast.  Sir  Isaac  Newton  rea- 
soned respecting  pn>nu  und /encei  q^o^ 
kinda  ofglasi  and  qfalt  bodiei  w^eAer 
tolid  orJUiid,  because  he  believed  thai  all 
bodies  whatever  had  IhesamedispersiYe 
power,  or  produced  the  same  length  of 
spectrum  in  proportion  to  their  mean 
refraction.      Had   this  been  true,  8a 


Anise  Kedi 

and  Sod* 

"feiMf™ 

Oil  of  Almond. 

Swcel  Fennel 

CaowM  Glass 

■eed> 

Gum  Arabic 

CloKei 

Alcohol 

Klher 

Canada  Diitum 

Borai 

Tourmaline 

Hyuop 

Beryl 

Amber 

Topai 

Oil  of  Caraway 

Fluor  Spar 

>eedi 

Citric  Acid 

Nutmegs 

MalicAcid 

Acetic  Acid 

Castor  OU 

Muriatic  Acid 

]Jianiond 

Nitric  Acid 

Nilre 

Rock  Crystal 

Nut  Oil 

Ice 

Balnm  of  Capiri 

Water 

KlIST  GlASS 

Zircon 

tkiLTHuaic  Acid. 

Imm  would  hm  bem  ooneot  in  con-  If  we  now  mike  the  prism  AB  C, 

eluding  tbtt  "  Hu  improvtmmt  of  Uie  fig,  £9,  of  enmt  glau,  tnd  A  A  C  of 

rwfroeSw  ttlMcopt  wxii  (fcyerote."—  flmtgluii,  and  mdie  the  anele  6  A  0 

(C^«c«,  Put  I.  ftop.  Vn.  Theor.  VI.)  such  that  it  corrects  thp  colour  of  AC  B, 

Sir  Ituo,  hoMerer,  wu  in  thi«  cue  or  produces  a  spectrum  of  exactly  the 

mietaken,  and  it  was  t«terved  for  our  same  length,  then  lince  the  flint  elaaa 

counti7iiuti,JohnDo11ond,toproTe,br  does  thi«  at  a  much  lest  mean  rcmc- 

dir«ct  experiment,  that  refhictiDn  can  tion  than  the  crown  glass,  it  will  refract 

be  produced  free  of  colour,  and  actually  the  rays  frnm  the  prism  AC  B  to  a 

to  construct  an  achrvmatie*  tthteope,  point  Y',  above  Y,  where  they  will  be 

or  ft  ttUteopa  idlhout  colour.  aU  collected  into  a  circle  of  white  light. 

We  have  already  shown  that  all  We  have,  therefore,  succeeded  in  it- 
bodies  have  dififerent  dispersive  powers ;  fracting  the  beam  8  F  Y  into  a  new 
and  it  will  be  seen  from  our  Table,  that  direction,  8  F  Y,  tnithout  colour. 
4Mf  fiuMt  (the  white  Rlass  of  which  l^e  application  of  this  to  lenses  ia 
drinkinx  passes  are  made),  and  erovm  shown  in  Jig.  31,  which  is  drawn  so  as 
f^oM  (the  ^asa  with  which  windows  are  to  admit  ofoompariton  with  ^.29.  In 
glaied),have  difibrent  powers  of  pro*  thisflgoicLLisaeotiMXlensoferoim 
dueing  odour.  ght.mdt  lAeoncaMoaeatJIiiHglatt. 


A  rsf  of  the  sun,  S,  Qilli  at  P  on  the  evident,  that  the  spherical  aberration 
convex  lens,  which  u'iUre&-act  it  exaeUr  ofthe  flint  lens  corrects  to  a  consider- 
in  the  same  manner  as  the  prism  ABC,  able  d^ree  that  of  the  crown  one,  and, 
whoso  bees  touch  llie  two  surfaces  of  by  a  proper  ailjustment  of  the  radii  ot 
ths  lens  at  the  points  where  the  rev  the  surtitces,  it  may  be  almost  wholly 
entcn  and  quits  it.  The  solar  ray,  S  F,  removed.  This,  however,  is  more  per- 
thus  refracted  by  the  lens  L  L,  or  prism  (tetly  eflMed  in  the  tripit  achromatie 
ABC,  would  have  formed  a  spectrum  olgeet-gltut,  which  consists  of  three 
PTontliewall,hadlherebeen  noother  lenses,  viz.  a  concave  flint  glass  lens 
lans,  the  violet  ray  F  V  crossing  the  placed  between  two  convex  lenses  of 
axis  of  the  lens  atv,  and  going  to  the  crown  ^ass;  but  this  form  ofthe  achro- 
upper  end  P  ofthe  spectrum,  and  the  matic  object-glass  is  now  generally 
red  ray  F  R  going  to  the  lower  end  T.  abandoned,  and  almost  all  the  large 
But  as  the  flint  ^ass  lens  /  i  or  the  olaect -glasses  which  have  been  recenlly 

r'smAaC  which  receives  theraysFV,  constructed  consist  of  two  lenses  only. 

R  at  the  same  points,  is  interposed.  In  the  treatise  on  optical  instruments, 

these  rays  will  be  united  at/,  and  form  the  reader  will  find  the  jiractical  details 

a  small  circle  of  white  light,  the  ray  respecting  achromatic  object-glasses  and 

8  F  of  the  sun  being  now  refracted  eye-glasses. 

without  colour  from  its  primitive  direc-        When  we  examine  with  attention  the 

tion  8  F  Y  into  the  new  direction  F/.  best  achromatic  telescope,  we  shall  tiuri 

In  like  manner  the  corresponding  ray  that  it  does  not  show  white  or  luminous 

Sf  F'  will  be  refracted  to/,  and  a  while  objects  perCecUy  free  from  colour,  their 

and  colourless  image  of  Uie  sun  will  be  e^^  being  tinged  on  one  side  witli  a 

there  formed  bv  the  two  lenses.  claret-coloured  fringe,  and,  on  theolher. 

In  this  comMuation  of  lenses,  it  is  with  a  green  fringe.    Tliese  uncorrected 

.Fn»iwBOiwkw«jiwtoifctipaT  ""*■""*■•  <=<>^""<  which  have  be«a  •stlUA.  ^V^. 
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secondary  mdrum^  arisefrom  the  nra-  two  lenses  of  glftss»  as  shown  in^.  39 

Honaiity  of  the  coloured  spaces  which  and  he  informs  us  that  with  this  <^^- 

we  have  explained  in  the  preceding  glass  the  rays  of  different  colours  wen 
chapter.     The    achromatic  telescope,     bent  from  their  rectilineal  course  wiOi 

therefore,  required  still  further  improve-  the  same  equality  and  regularity  as  in 

ment,  in  oroer  to  get  rid  of  these  se-  reflexion.    Throu^  telescopes  of  this 

condaxy  colours;  and  science  is  indebted  description,  only  12  and  15  inches  long, 

to  Dr.  Blair  of  Edinburgh,  for  a  most  Professors  Robison  and  Playfiur  saw 

beautil^  method  of  accomplishing  this  double  stars  with  a  degree  of  perfection 

great  object     Having  ol)seryed  that  which  astonished  them*, 
when  the  extreme  red  and  violet  rajrs       At  the  time  we  are  writing.  Professor 

were  perfectly  united,  the  green  were  Barlow,  of  Woolwich,  informs  us,  that 

left  out,  or  were  the  ouUUmding  rays,  he  has  completed  a  fluid  otgect-glass, 

as  shown  in  fig.  31,  where  the  red  and  six  inches  in  diameter,  on  a  principle 

violet  rays  FY,  FR  are  perfectly  united  different  from  Dr.  Blair's,  and  which 

at/,  while  the  green  rays  are  more  re-  allows  him  to  reduce  the  length  of  the 

fracted,  and  cross  the  axis  at  g^  he  con-  telescope  from  one-third  to  one-hal( 

ceived  the  idea  of  making  an  achromatic  without  diminishing  its  focal  powerf. 
concave  lens,  which  should  refract  the  ^x        . 

green  less  than  the  united  red  and  violet.  Chapter  Xl.—Phyncal  Properties  of 
and  an  achromatic  convex  lens  which  the  Prtsrmttc  SpKirum^Its  Heating 
should  do  the  same;  and  as  the  concave  Power-— Inviswle  Bays — Deoxtdat- 
lens  refracted  the  outstanding  green  to  »*¥r  Power— Chemical  Rays-— Mag- 
the  axis,  while  the  concave  one  refracted  netistng  Power— lUuminaHng  Power 
them  from  the  axis,  it  followed,  that  by       —Lines  across  the  Spectrum. 

a  combination  of  tiiese  two  opposite  Thb  physical  properties  of  the  prisma- 

effects,  the  green  would  be  united  with  tic  spectrum,  or,  more  acciutitely,  ot 

the  red  and  violet  the  sunple  rays  composing  white  Dght, 

By  means  of  two  fluid  media  and  three  have  of  late  years  been  Sudied  by  the 

glass  lenses,  Dr.  Blair  constructed  a  tele*  most  eminent  philosophers,  and  merit 

scope  in  which  he  could  not  discover  any  ourparticular  notice, 
colour  by  the  most  rigid  test  Heating  potcer  qf  the  spectrum. — 

As  this,  however,  was  a   complex  From  the  slightest  examination  of  the 

combination  of  lenses.  Dr.  Blair  still  prismatic  spectrum,  formed  by  refrac- 

sought  for  some  single    fluid   which  tion  of  the  sun's  rays,  it  is  evident,  that 

should  produce  the  effect  when  com-  the  yellow  is  the  most  luminous  of  all 

bined  with  glass,  and  he  fortunately  dis-  the  coloured  spaces ;  and  that  tiie  degree 

covered  that  the  muriatic  acid  mixed  of  light  diminishes  both  towards  the  red 

with  a  metallic  solution  answered  lus  and  the  violet  extremities.  Hence  it  was 

purpose.    In  the  spectrum  formed  by  naturally  supposed,  that  there  would  be 

this  fluid,  the  green  were  among  the  most  heat  in  the  yellow  rays,  less  in  the 

most  refrangible  rays  as  shown  in  fig.  red,  and  least  in  the  violet.    Dr.  Her- 

30 ;   and  when  its  dispersion  was  cor-  schel,  however,  found,  that  the  heat  in- 

rectcd  by  that  of  glass,  there  was  pro-  creased  from  the  violet  to  the  red  end  of 

duced  an  inverted  secondary  spectrum,  the  spectrum,  the  heat  of  the  orange 

that  is,  one  in  which  the  green  was  being  greater  than  that  of  the  yellow, 

above,  when  it  would  have  been  below  and  the  heat  of  the  red  greater  than 

with  a  common  medium.    He,  there-  that  of  the  other  colours ;  but,  upon 

fore,  placed  a  concave  lens  of  muriatic  placing  his   thermometer  beyond   the 

acid  with  a  metallic  solution  between  red  rays,  and  in  the  dark,  he  was  sur- 

napp^  prised  to  observe  that  the  mercury  still 

p.      ^  W^^  '^^^ '  ^^^  VL^on  repeating  this  experi 

'^*     *  VMJl  ment  under  a  varie^  of  circumstances, 

R^jffl  he  estabhshed  the  remarkable  fact,  that 

If  ^yV  the  heat  was  the  greatest  at  a  point  be- 

K||l  yond  the  red  extremity  of  the  spectrum, 

^ItfST-ffi^    Ht^li  ^  ^^^  ^^  ^  ^^^^  upon  which  none  of  the 

npil  luminous  rays  at  all  fell.    Hence  he 

M[3^  concluded,  that  there  were  invisible  rays 

|f  :>]J  in  the  sun's  light  which  had  the  power 

W^K^\  •  Sw  the  BOim.  Journal  ^  Sefene*,  No.  riii.  p!  8U. 

E2c;>V^  '*'  lb><i<  No.  xiT.  Ik  335. 
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</nrodtteMf  heat,  and  whieh  hadale9s  or  iiEuntly  tinged  with  yellow ;  andinthe 

r^irangibihtu  than  red  light.    This  re-  red,  it  was  red.    With  prisms  of  flint 
suit  was  confirmed  by  the  experiments  of    glass  the  muriate  of  silver  also  became 

Sir  H.  Englefield,  and  also  l^  Sir  Hum-  red  at  a  spot  entirely  beyond  the  red. 

phiy  Davy,  who  repeated  the  experi-  Magnetiiing  power  of  the  soUxr  ray $, 

ments  in  the  rays  of  an  Italian  sun,  and  — Nearly  20  years  ago,  Dr.  Morichini,  of 

by  means  of  thermometers  with  minute  Rome,  found  that  the  violet  rays  of  the 

bulbs.    Sir  H.  Englefield  obtained  the  spectrum  had  the  property  of  communi* 

foUowing  results : —  eating  magnetism;  but  ttus  result  was 

Timp«rBtaK.  involved  in  doubt,  and  by  many  philo- 

Blue 56^  sophers  entirely  discredited,  till  it  was 

^^^ *®  established  by  some  recent  experiments 

^™^  1^'  by  Mrs.  Somerville.     Having  covered 

?f°'  •  •  li " Iq  half  of  a  sewing  needle,  about  an  mch 

ifeyond  lied  ... .     7»  j        ^^  p^p^^  ^j^^  exposed  the  other 

The  prisms,  by  which  all  these  expe-  half  for  two  hours  to  the  violet  rays, 

riments  were  made,  were,  we  believe,  of  The  needle  had  then  acquired  north  po- 

flint  glass.    It  has  been  recently  proved  larity.  The  indigo  rays  produced  nearly 

SM.  Seebeck*,  that  the  heating  power  the  same  effect ;  and  the  blue  and  green 

the  colours  of  the  spectrum  depend  rays  produced  it  in  a  sl&ll  less  degree, 

upon  the  substance  of  which  the  prism  In  the  yellow,  oran^,  red,  and  invisible 

is  made.    Thus : —  rays,  no  manietic  influence  was  exhi- 

in  Wnter+the  ipr«ite«t  ^^^^  ®^^  tSouffh  the  experiment  was 

'"il^TiB  U.1^!!  ... Yell^  ^"tinned  for  liree    successive  days. 

Salphuric  Acidt Orange.  The  same  effects  were  produced  by  m- 

Cmwn  or  Plate  Glass... .  Middle  of  Red.  closmg  the   needle    m  blue  or  green 

Flint  Glass Beyond  the  Red.  gJass,  or  wrappmg  it  m  blue  and  men 

ribbands,  one  half  of  the  needle  being 

Deoxidating  power  of  the  epeetrum.  alwavs  covered  with  paper. 

— In  tiie  year  1801,  the  late  Mr.  Ritter,  Btuminating  power  of  the  spectrum. 

of  Jena,  discovered  that  the  rays  of  the  — ^Dr.  Herschel  has  represented,  by  a 

spectrum  had  different  chemical  proper  curve,  the  gradual  shading  off  of  the  light 

ties  which  resided  in  the  violet  end  of  firom  the  yellow  space  to  the  red  and 

the  spectrum,  and  existed  even  beyond  violet  extremities  of  the  spectrum.    A 

the  violet  light    Muriate  of  silver,  for  series  of  experiments  on  this  subject 

example,  became  black  beyond  the  vio-  were  made  with  great  care  by  the  late 

let  rays;  a  httle  less  black  m  the  violet;  M.  Fraunhofer  of   Munich,  and   the 

and  still  less  in  the  blue.  Dr.WoUaston  results  of  them  are  exhibited  iny^.  33. 

made  the  same  discovery  about  the  same  In  this  figure  A I Q  P  represents  the 

time.    In  repeatii^  tiiese  experiments,  prismatic  spectrum,  and  the  lines  A  1, 

Dr.  Seebeck  found,  that  the  colour  of  B  2,  &c.,  bounded  by  the  curve  line  1, 

muriate  of  silver  varied  with  the  coloured  *2, 3, 4,  5,  &c.,  represent  the  degree  of 

spaces  in  which  it  was  placed.    In  and  light  at  the  points  A,  B,  C,  D,  &c.  of 

beyond  tiie  violet,  it  was  reddish  brown ;  the  spectrum.    In  numbers  they  are  as 

in  the  blue,  it  was  blue  or  bluish  gr^ ;  foUow,  the  intensity  of  the  light  of  the 

in  the  yellow,  it  was  unchanged  white,  brightest  point  being  I. 


Fig.  33. 


•  See  the  BdiMhtargh  Jomai  ofSeienee,  No.  i.  p.  858. 

'  M .  Waneh  fouao  thftt  in  ftlcobol  and  oil  of  tnrpentine  the  (freatett  heat  was  in  the  yeUmr. 
And  also  in  lolntioBS  of  eal-ammoniac  and  corroeiTe  tnblifflate. 
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The  light  at  A  or  the  line  A  1  is  0.000       yay  lief  between  the  Uufraild  the  indigo 
n  n«      /»/.-«       spaces. 

Linei  aerosi  ike  i§)eciru!m. — One  of 
the  most  curious  discoveries  of  modern 
times  is  that  of  Fraunhofery  that  the 
spectrum  is  covered  with  dark  and  co- 
loured lines  parallel  to  one  another,  9nd 
perpendicular  to  the  length  of  the  spec- 
trum. In  order  to  observe  these  lines, 
M,  Fraunhofer  found  that  D  M  was  it  is  necessavy  to  use  prisms  perfectly 
nearly  i  or  4  of  D  £ ;  and  hence  the  free  from  veins,  to  exclude  all  extrane 
most  liuninous  rays  of  the  spectrum  ous  lifi^t,  and  even  to  stop  those  rays 
formed  by  the  finest  prisms,  and  when  which  form  the  coloured  spaces  which 
all  other  light  is  excluded,  in  place  of  we  are  not  examining.  It  is  necessary 
being  situated  in  the  middle  of  the  also  to  use  a  telescope,  and  the  light 
spectrum,  are  nearer  the  red  than  the  must  enter  and  emer^^  from  the  prism 
violet  end,  in  the  proportion  of  1  to  4.  It  at  equal  angles.  In  this  way  the  follow- 
appears,  also,  that  the  mean  refrangible    lines  will  be  seen. 

At  A  a  well-defined  dark  line  within  the  red  space I 

At  a  a  mass  of  7  or  8,  foirnin^  together  a  daik  band  ....•.,..•  8 

At  B  there  is  a  thick  and  distinct  one,  and  one  fainter  ....,•••  8 

Between  B  and  C,  the  one  at  C  being  broad  and  black 9 

Between  C  and  D 80 

At  D  two  nearly  of  the  same  size,  separated  by  a  bright  one   . .  8 

Between  D  and  E  there  are  of  different  sizes 84 

The  line  at  E  consists  of  several,  the  middle  one  being  strongest. 

Between  E  and  6 ?4 

At  6  three  very  strong  lines,  with  a  fiae  clear  one  oetween  two. .  8 

Between  b  and  F,  F  being  very  strong 58 

Between  F  and  G )  85 

Between  G  and  H^  many  being  accamnlated  at  G 190 

In  all  they  amount  Co. .  090 

The  largest  lines  occupy  a  space  of  5"  to  10^    We  have  inserted  only  a  few  !■  tke  igvrtu 

One  of  the  most  important  practical  several  substances,  the  most  important 

results  of  this  curious  discoveiy  of  M.  of  which  are  j^nt  glast^  crown  giois, 

Fraunhofer  is,  that  these  lines  are  fixed  uxUer,  and   ml  qf   turpentine:     Vtye 

points  m  tlie  spectrum,  or  rather,  that  angle  of  the  flint  glass  prism  was  26^ 

they  have  always  the  same  position  in  24'  30",  and  its  si^dfic  gravifj^  3.723. 

the  coloiured  spaces  in  which  they  are  The  angle  of  the  crown  glass  pnsm  was 

found.    In  flint  glass,  for  example,  the  39°  20'   35",  and  its  specific  gravity 

distance  BC  (Jg,  33,)  is  greater  than  2.535.    The  ande  of  the  otiiier  nrisms 

B  C  in  crown  glass,  because  the  disper-  was  58°  5'  40'';  and  the  specif gra- 

sion  of  the  former  is  greater  than  the  vity  of  the  oil  of  turpentine  was  0.885. 
latter.    The  index  of  refraction,  there-       Ihe  following  were  the  indices  of  refrac- 

fore,  for  each  coloured  ray,  may  be  tion  for  the  lines  B,C,D,E,F,G,H,in/|i^. 

accurately    determined    by    means    of  33,  corresponding  with  the  red,  orange, 

these  lines.    Fraunhofer  has  done  it  for  yellow,  green,  blue,  indigo,  and  violet. 

B  C  D  E  F  G  H 

FliotGlass..  1.6i?7749  1.629681  1.6850S6  1.642024  1.64826  1.660285  1.671062 
Crown  Class  1.525882  1.526849  1.529587  I.53S005  1.536052  1.541657  1.546566 
Water 1.380985     1.831712     1.888577    1.885851    1.887818    1.84I29S    1.344177 

^*J>emTne''}     ^''^'^^'^^^    1.471580     1.474484    1.478558    1.4817S6    1.488198    1.198874 

From  these  numbers  M.  Fraunhofer  powers  of  the  diflerently  coloured  rays 
has  computed  the  following  numbers,  m  several  combinations  of  the  above 
which  are  the  ratios  of  the  dispersive    refliuiting  substances. 

Space  BC. 

Flint  Glass  and  Water  2.562 

Flint  Glass  and  Crown  Gla&s 1.900 

Crown  Glass  and  Water 1.849 

Oil  of  Turpentine  and  Water   ....    1.871 
Flint  Glass  and  Oil  of  Turpentine .    1 .868 
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Space  E  P. 

SpWtFO. 

S^mtOH. 

2.871 

8.078 

8.19S 

8.460 

3.726 

1.950 

2.044 

2.047 

9.145 

2.195 

I.4r8 

1.608 

1.560 

1.618 

1.697 

1.557 

1.723 

1.782 

1.860 

1.963 

1.814 

1.78S 

1.84S 

1.861 

1.899 

opnos.  ai 

In  flint  gkM  and  water,  for  txampl«, 
the  ratio  of  the  dispersion  for  the  rays 
B,  C,  or  for  the  space  B  C.  which  they 
bound,  is  as  1  to  2.562.    This  is  found 

by  dividing  the  differences  of  the  indices  a    m     j.    v            u  d      z    ^ 

il'fc^ffil'''"  ®  ^^2'  "*  ^*.  ^i*^**'  «n^8t  depend  on  light,  bent,  somehow  or 

by  the  differences  of  the  samem^s  ^ther.  iVto  and  towards   the  shadow 

forwater,  as  given  m  the  preoedmg  ABCD.the  name  inflexion  has  been 

^^^  employed  to  distinguish  them,  from  a 

rt              -vrn      t  jt    •        t>  -^     .  •  Latin  word  signifying  a  bending.    The 

CnyTmXU.---InfiextonorDfracHon  name  (fi^oc/Sn  has  also  been  applied 

Y  VT^^    ""^^  I'^^^f^f^r  to  them:                                     ^^ 

L$ngth9  of  a  Wave  of  Light  of  diffe-  j^  studying  the  phenomena  of  inflex- 

rmt  eohurs^Practtcal  oonsequencei.  ion,  Dr.  VouSg  found  that  if  an  opaque 

Although  the  subject  of  the  inflexion  screen  was  placed  either  a  few  mches 

and  the  interference  of  the  rays  of  light  before,  or  a  few  inches  behind,  one  side 

is  of  a  somewhat  abstruse  nature ;  yet  of  the  inflecting  body,  whose  shadow  is 

it  will  not  be  difficult  to  convey  to  the  ABC  D,  so  as  to  intercept  all  the  light 

reader  some  distinct,  though  general  no-  on  that  side  by  receiving  the  edge  of  its 

lions  of  these  curious  properties  of  light,  shadow  B  D,  then  all  the  fringes  in  the 

If  we  make  a  hole  m  a  window  shut-  shadow  A  B  C  D  instantly  disappeared, 

ter  l-40th  part  of  an  inch  in  diameter,  although  the  light  passed  by  the  other 

or,  what  is  better,  if  we  fix  in  the  win-  edge  of  the  body  corresponding  with 

dow  shutter  of  a  dark  room  a  small  A  C  as  before.    Dr.  Young  found  that 

convex  lens,  of  a  short  focus,  we  shall  this  disappearance  was  not  owing  to 

obtain  a  beam  of  divergent  light.    If  we  any  diminution  of  the  light,  and  hence 

place  bodies  of  any  kind  in  this  light,  he  concluded  thai  the  fringes  in  the 

and  attentively  examine  theic  shadows,  shadow  A  B  C  D  were  occasioned  by  the 

we  shall  find  that,  on  both  sides  of  the  interference  of  the  rays  bent  into  the 

shadow,  there  are  fringes  of  coloured  shadow  at  one  side  of  the  body  with  the 

light,  the  colours   being    as    follows,  ravs  bent  into  the  shadow  on  the  other 

reckoning  from  the  shadow :—  side.     Both  Dr.  Young  and  M.  Fresnel 

¥\ni  fringe ;  violet,  indigo,  pale  blue,  ascribed  the  external  fringes  to  the  in- 

green,  yellow,  red.  terference  of  the  direct    rays   which 

Second  fringe ;  blue,  yellow,  red.  passed  at  a  little  distance  from  the  in- 

Third  fringe ;  pale  blue,  pale  yellow,  fleeting  body  with  rays  which  they  sup- 

red.  posed  might  be  reflected  from  the  mar- 

The  distances  of  these  fringes,  as  well  sin  of  me   inflecting  body ;    but  M. 

as  their  intervals,  varied  as  the  num-  Fresnel  has  since  proved  that  this  can- 

bers,  1,  >/4,  tfh  \/l>  &c.  not  be  the  case,  and  he  has,  therefore. 

When  homogeneous  coloured  li^t  been  under  the  necessity  of  supposing 
was  used,  the  fringes  were  of  the  colour  that  the  rays  which  pass  at  a  sensible 
of  the  light  in  which  thw  were  held,  distance  from  the  inflecting  body  deviate 
and  their  intervals  black.  Those  formed  fh>m  their  primitive  direction,  and  con- 
in  red  lig^t  were  the  largest;  those  cur  also  in  the  production  of  the  ex- 
formed  in  violet  the  least,  and  those  temal  firinges. 

formed  in  the  green  of  a  middle  size :  M.  Arago  has  made  some  important 

the  above  fringes  are  called  the  external  discoveries  on  the  effects  of  transparent 

fringes. — See  rJewton's  Optics,  B.  III.  screens  upon  the  coloured  fringes.    He 

Part  1.  found  that  such  a  screen  had  the  same 

If  we  now  examine  the  shadow  of  the  effect  as  the  opaque  screen  used  by  Dr. 

body  which  causes  those  fringes,  we  Young,  and  that  very  thin  transparent 

shall  flnd,  as  was  first  shown  by  Ma-  screens  transferred  the  fringes  from  the 

raldi,  that  the  shadow  is  diviaed  by  side  where  they  are  formed.  This  lesult 

parallel  fringes,  which  vary  in  number  has  very  important  apphcations,  which 

and  in  breadth  according  to  the  dis-  our  linuts  will  not  allow  us  to  notice. 

tance  fix)m  the  body  that  the  shaidow  is  The  law  of  interference  deduced  from 

examined.    These  fringes  are  called  the  Dr.  Young's  experiment  may  be  thus 

intemalfringes.    The  external  and  the  explained.    Let  us  suppose  two  minute 

internal  fringes  are  shown  in  fig,  34,  pencils  ofhght  radiating  from  two  points 

where  A B CD  is  Uie  shadow  and  1, 2,  close  to  aiibther,  to  fall  upon  the  same 

3,  the  external  fringes.  spot  of  a  piece  of  paper,  in  which  case 

As  the  phenomena  now  described  they  may  be  said  to  m\«[&a«&Hr^  vs\>r. 
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another  (for  if  the  paper  were  removed  itiBdearly  proved  that  if  the  pnali  of 

they  would  cross  one  another  at  that  light  intenere  at  intermediate  poiiiti,  or 

point).    Then  if  the  lengths  of  their  at  those  points  in  their  paths  idien  tfai 

paths  (or    the  distances  between  the  differences  in  the  Icrngths  of  the  paflH 

paper  and  the  two  radiant  points)  are  sre  id,m2idt3\d,  then,  instead  of 

thesame,ihey  will  form  a  bright  spot  or  adding  to  one  another's  intensity,  tilt 

fringe  of  light,  having   an    intensity  two  pencils  of  light  destroy  each  otfaff, 

greater  than  that  which  would  have  and  prroduce  a  black  spot  or  fringe, 

been  produced  bv  either  portion  alone.  This  curious  property  of  ^ght  hu  a 

Now  it  is  found  that  when  there  is  a  striking  analc^witn  the  beating  of  two 

certain  difference  between  the  lengths  musiciQ  soun£  nearly  in  unison  with 

of  their  paths,  a  bright  fringe  is  pro-  each  other,  the  beats  corresponding  to 

duced  exactly  similar  to  what  is  pro-  the  luminous  spots  or  fringes,  and  the 

duced  when  their  lengths  are  equal.  Let  cessations  of  sound  between  the  besti, 

us  represent  this  difference  by  the  letter  to  the  black  spots  or  fringes. 

d,  then  similar  bright  spots  or  fringes  M.  Fraunhofer  has  found  the  foDow- 

will  be  formed  when  the  differences  in  ing  to  be  the  values  of  d  for  the  diffacnt 

the  lengths  of  the  paths  are  2  (/,  3  d,  4  (/,  colours  of  the  spectrum.  Hie  measures 

5  d,  &c.   But,  what  is  very  remarkable,  are  in  decimals  of  an  En^ish  inch. 

Colour.  Xiii«laFif.aL         ViimmttdtmrBnmaautgm'WmmttU^t. 

Indk 

Red    C     0.000085S9 

Orangeydlow D    0.00008S19 

Green E    0.0000907S 

Blue  F    0XK)001918 

Indigo    G    0.00001698 

Violet H    0.00001578 

In  the  theory  which  supposes  light  to  1.  When  we  consider  how  g^ass  is 
consist  in  the  vibrations  or  undulations  ground  and  polished,  its  surfoce  cannot 
of  a  highly  elastic  medium,  and  which  is  be  mathematically  conrect ;  but  as  Umf 
now  supported  by  many  arguments,  the  as  the  inequalities,  in  reference  to  thor 
quantity  d,  or  the  difference  in  the  distance  from  each  other,  are  lest  than 
lengths  of  the  paths,  at  which  the  inter-  the  magnitude  d,  they  will  not  be  detii- 
fering  pencils  of  light  either  destroy  mental  either  to  the  hghtwluch  is  trans- 
one  another,  or  unite  their  effects,  that  mitted,  or  to  that  which  is  reflected, 
is,  at  which  they  produce  the  black  and  and  no  colours  of  any  kind  can  be  pro- 
hght  fringes,  is  also  the  breadth  of  an  duced  by  them.  It  would  likewise  be 
undulation  or  a  wave  of  light,  impossible  by  any  means  to  render  in- 

Those  who  do  not  adopt  the  svstem  equalities  of  such  a  size  visitile. 
of  undulations,  must,  as  M.  traun-  2.  Hence,  we  may  deduce  the  smallest 
hofer*  has  remarketl,  admit  that  the  magnitude  which  can  be  rendered  vi- 
quantity  represented  by  rf  is  a  real,  abso-  sible  by  a  microscope.  For  if  any  ob- 
iute  magnitude.  Whatever  meaning  is  ject  whose  diameter  is  d,  consists  of  two 
attached  to  it,  it  necessarily  follows,  parts,  it  cannot  be  recognised  as  conrist- 
thatone  half  of  it  in  reference  to  the  mg  of  more  than  two  parts.  In  red  light, 
effect  is  opposed  to  the  other  half,  so  therefore,  the  limit  of  microscopic  vision 
that  if  the  anterior  half  combines  ac-  is  theMir/wn-iwiT/ton/ApartofanEng- 
curately  withthe  posterior  half,  or  inter-  lish  inch,  and  in  violet  light  the  eight- 
feres  with  it  in  this  manner  under  a  niiliionth  part  of  an  Enghsh  inch. 
small  angle,  the  effect  of  each  is  de-  3.  From  these  considerations,  it  fol- 
stroyed,  whereas  that  effect  is  doubled  lows,  that  since  the  quantity  il  is  greater 
if  two  anterior,  or  two  posterior  halves  in  red  hght  than  in  any  other,  Uie  im- 
conibine,  or  interfere  in  the  same  man-  perfections  of  refracting  and  reflecting 
ner.  From  this  determination  of  the  surfaces  will  have  less  efiGsct  in  injuring 
quantity  d  some  important  practical  vision  when  it  is  performed  by  red  light, 
results  may  be  derived.  than  when  it  is  d(one  by  any  other  rays 

1.  With  respect  to  the  influence  of  the  of  the  spectrum.  On  the  other  hand, 
inequalities  of  pohshed  siufaces  in  if  these  imperfections  are  made  l<!i. 
retracUng  and  reflectmg  light.  than  d  by  skilful  workmanship,  a  closi 

2.  With  respect  to  the  limits  of  micro-  double  star,  wliich  could  not  be  seen  U 
scopic  vision  ;  and  red  light,  miglit  be  rendered  visibl^i 

3.  With  respect  to  the  colours  which  are  violet  light,  provided  always  that  tli  'tf 
most  suitable  for  delicate  observations.  ^  qq  ^ant  of  light 

•  E4mkvrgh  Jvmmoi  of  Sciinct,  No.  xir.  p.  813 
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Chapter  XIII. —  Colou^i  of   Thin  they  were  incapable  of  reflecting  li^ht. 
Plates — Solids — Fluids— Air — New-  The  diameter  of  these  dehcate  fibres,  as 
tone  Table  of  the  Colours  of  Thin  will  he  afterwards  seen,  could  not  ex- 
Plates — Theories  of  the  Phenomena,  ceed  the  one-third  of  the  one-millionth 
Every  person  must  have  observed  that  part  of  an  inch.*      This    remarkable 
Ihe  liglit  reflected  from,  and  transmitted  specimen  belontj:s  to  the  cabinet  of  her 
through,    transparent  and    colourless  Grace  the  Duchess  of  Goi-don. 
bodies,  such  as  flint  glass,  and  water,  In  Jluid  bodies  it  is  much  more  easy 
fee.,  is  always  white,  provided  tliat  in  to  observe  the  colours  produced  when 
the  case  of  tlie  transmitted  lifi:ht  the  their  thickness  is  ^eatly  revluced.     If 
two  surfaces  of  the  body  are  parallel,  we  blow  a  soap  bubble,  and  cover  it 
This  is  true  for  all  the  different  thick-  with  a  clear  glass,  we  shall  observe  a 
nesses  of  these  bodies  which  we  are  in  great  many  concentric   coloured  rings 
the  habit  of  observing,  but  if  we  di-  round  the  top  of  it.      As  the  bubble 
minish  their  thickness  more  and  more,  grows  thinner,  the  rings  grow  wider,  and 
we  shall  at  last  arrive  at  a  thickness  at  last,  before  the  l)ubble  bursts,  there 
If  here  both  the  reflected  and  the  trans-  will  be   seen  at  the  top  of  it  a  small 
nitted  light  becomes  coloured.  round   black  spot,   which  will  expand 
In  solid  bodies,  such  as  glass,  this  is  itself  to  ^  or  Jths  of  an  inch.    The  same 
not  easily  accomplished,  but  in  mica,  a  phenomena  may  be  seen  at  the  mouths 
thin  platy  mineral,  it  is  easily  effected,  of  bottles  containing  oil  of  turpentine. 
If  wo  stick  one  side  of  a  piece  of  mica  alcohol,   and    many   of   the    essential 
to  seahng  wax,  and  again  tear  it  away  oils,  where  it  is  easy  to  form  a  film  of 
mth  a  jerk,  we  shall  find   some  very  the  fluid,  in  which  the  colours  will  be 
thin   films   left  on  the  wax,  some   of  seen  to  great  advantage.    Tlie  experi- 
which  will  reflect  a  brilliant  red,  others  ment  may  be  still  more  easily  made  by 
a  brilliant  yellow,  and  others  a  bright  putting  a  thin  film  of  any  evaporabfe 
blue.     We  may  accomplish  the   same  fluid  upon   a  clean  plate  of  glass,  and 
object,   i>crhaps   better,  by  taking  the  observinu:  the  colours  at  the  edges  of  the 
thinnest   film  that  can   be   spht  from  film,  and  just  before  it  is  dried  up. 
gy]jsuni,  or   sjili)hate  of  lime,  and  im-  The  colours  of  thin  films  have  l)cen 
mcrsing  it  in  a  vessel  of  water.     The  chiefly   studic<l    when   formed   by  thin 
water  will  dissolve  the  sulphate  of  lime  plates  of  air.     In  order  to  exhibit  them 
most  at  the  edge,  so  that  we  shall  have  distinctly, two  convex  lenses,  A  B,  CD, 
the  film  shading  off'  in  thickness  to  the  of  long  focal  lengths,  are  placed  the  one 
finest  edge.     At  this  edge  will  be  seen  above  the  other,  so  as  to  touch  at  their 
fifinges  of  colour  corresponding  to  the  summits.  Three  pair  of  screw  s,p,/),;?,are 
different  thicknesses  of  the  film.    If  the  ->                  used,  to  keep  the 
film  could  be   made   thin  enough,  we  ^ig*  35.   Jhfj                lenses      together, 
should  arrive  at  a  point  when  it  would  ^a^^h^'^^^sp       ^^^  ^^  produce  a 
cease  to  reflect  any  light,  and  when  the  ^j^^^^^^j^^     regular  pressure  at 
whole  light  which  fell  upon  it  would  be  flP^^^^^'^'fx    the  point  where  the 
transmitted.    This  has  never  been  done  JS  ^^^????  .« ^'MP  lenses  touch   each 
artificially  in  solid  bodies,  and  probably  ^4^^^i:;SSS^'^  other.      Sir  Isaac 
never  will  be.  wo           i*f          Newton    used    a 
Accident,  however,  on  one  occasion  plano-convex  lens,  the  radius  of  whose 
accomplished  what    was    beyond    the  convex  surface  was  28  feet,  and  a  double 
reach  of  skill,  and  exhibited,  perhaps,  convex  one,  tlie  radius  of  each  of  whoso 
the  most  curious  optical  fact  that  has  surfaces   was   50   feet.    The  first  was 
ever  been   witnessed,      A    ciystal    of  placed,  like  CD,with  its  plane  side  down- 
quartz,  about   2i   inches   in   cliameter,  wards,  and  the  other,  A  B,  was  placed 
having  been  broken  in  two,  the  faces  of  above  it.  By  pressing  the  lenses  together 
the  fracture  appeared  absolutely  black,  there     appeared    round    the    point  of 
like  black  velvet.     Tliis  was  ascribed  contact   a  reirular   system    of  circular 
by  those  who  saw  it,  to  a  thin  film  of  coloured  rings  or  spectra,  having  a  black 
minutely  divided  opaque  matter  which  spot   in  the  centre,   each  spectrum,  or 
had  insmuated  itself  at  a  crack  in  the  order  of  colours,   consisting  of  fewer 
•tone.    Upon  examining  it,  however,  by  colours  as  they  receded  from  the  centre, 
various  optical  methods,  Dr.  Brewster  Upon  examming  the  lijrht  transmit- 
found  tliat  the  blackness  was  owing  to  ted  through  the  lenses,  Sir  Isaac  ob- 
9, fine  down  of  quartz,  the  diameter  of     . !^ 

ine  fibres  of  which  was  so  minute,  thai  •  Edinburgh  JomrnaltJSdenec'So.  1,  p.  106. 
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served  mnolher  system  of  drciilsr  eo-  The  form  of  half  of  the  sjitem  of 

loured  riiu^,  in  which  the  coluiirs  vivrv.  coliiiirtd  rin^^s  is  shown  in/l^.  36,  rdiI 

iliiitL'  (litfercnt  from  those  stvn  liy  re-  the  letters  iii  the  following  tsilile  nill 

flexion.     The  central  spilt,  fi>r  exaiiiiile,  piiint  out  the  colours  nt  anv  part  nf 

WHS  n'hile,  and  Ihe  uulniir  tmnsmitttnl  llip  system.    The  relHtion   ot   the   rr- 

at  any  puint  was   alwiiys  thi^  colour  /teetfii  lUuHhe  truHtmilttd  rayt.  ni!l  Iw 

vt'hiuh,  Vihen  combitied  with  thf  colour  unilerstnixl  from  the  tuUuwiiur  diiiicrara 

reflectedat  that  point,  made  white  hy;hl.  on  the  left-hand  column,  iii  nliidi  A  1) 


..«  j: 


nnd  C  D  represent  the  surfnci-s  of  the 
lenses  which  touch  nf  E.  The  n.inie-i -tf 
the  colours  enuTaved  on  the  li-lt  h;i[ii[ 
of  the  line  A  11.  are  those  s.'i'n  l.y  iv- 
flexion,  and  those  rn2ra>-ed  on  Ihe  t'\--Ut 
hand  of  Ihe  line  C  U.  arc  those  su;:  \y 

Tlie  folloninir  t.ihle  contain^!  all  flic 
results  of  Sir  Isanc  Neivlun's  apin- 
merits,  nnd,  if  enmpiireil  with  fii^t.  .!:i 
and  :t7.  it  will  i;ive  the  it ader  ti'ie  murt 
ci)ni[ile(e  iufurnialion  res|)eelhi2  llu- 
colours  of  Ihiii  phites.  Some  of  the 
leailiiii;  results  in  it  may  he  llws  stated : 

1.  .-IiV— ;it  ami  below  a  thickness  of 

/in/finnil/i-nlAo/an  »«<-Aeia*e» 
to  Velleet  luiht.— At  and  uKiv.' 
a  thie'iiM'ss  of  mrimty-tiru  n»i- 
liniitfii'  nfiiH  iiifh  it  reileetsvhile. 
or  :ill  the  ravs  of  the  siH-dnim. 
llelween  these  two  limits  it  re- 
fleets  the  various  orders  of  co- 
lours eon1nuie<l  in  Iht:  talile. 

2.  H'atvr — at  and  below  a  tliiekne«f 

of  Ihriv-fighth'  nf  a  mHli<mtk 
n/an  iiirh  wnsvt  to  rt'flwt  liid«. 
— At  im\  Khove  ffnu-narM  mil- 
li-mlhi  <.f  a>,  inrh  il  ivfletts 
ir/iilt;  and  betnt-eii  these  tiio 
limits  it  reflects  the  or\lers  of 
colours  cotilained  in  tlip  tai)le. 

3.  GhiKx—nt  and  below  a  thieknes* 

of  niif-lhird  of  a  miltionth  of  M 
iiirh  censes  to  nflecl  liirhl.— .U 

nnd  above  a  thickness  oi  Jt/lif 
niillioiUhK  <tf  an  inch  it  reilecti 
tr/iitf,  and  between  these  lliuils 
it  relleets  the  onkts  of  colouii 
contuued  in  the  tables 
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"      Sir  hnac  Newton' $  Table  of  the  Co/ourt  of  thin  Plata  of  Air ^  Water ^  and  GIosm.      j 

taMMlMi  or  8mmtTm,m 
Or*r««fCul<Mn. 

Kctnvncc 

Celoon  prodiMcd  at  the  thIcknHH*  fai  th«  Urne  latt 
Coluinni. 

Thickneuin  niilllmthi  ^  1 
an  inch .                | 

loFif.as. 

lUflcctrd. 

TraxuBxiitt«d. 

Air. 

WatCT. 

<iUu. 

First   Spectrum, 
or  Order  of  Co- 
lours. 

a 

h 
c 
d 

Very  Black 

Black 

Beginninfc  of  Black 

Blue 

White 

Yellow 

Oranife 

Red 

White 

Yellowish  Red 
Black 
Viol.-t 

Blue 

1 

2 

7i 
H 

9 

1 

i 

i? 

if 

11. 

'  ^ 

'4 

Second  Spectrum, 
or  Order  of  Co- 
lours. 

f 

h 
1 

k 

Violet 

Indi:;o 

Blue 

(ireen 

Yellow 

Oranpe 

Bright  Red 

Scarlet 

White 

Yellow 

R<d 
Violet 

Blue 

14 
]2| 

U 

ir,i 

17J 

m 

ly^ 

n 

Hi 

12i 
18 
182 
llj 

8} 

y 

Of 
lOf 

lU 
111 

12| 

Third  Spectrum, 
or  Order  of  Co- 
lours 

I 
m 

0 

P 

Purple 

Indii^o 

Blue 

Green 

Yellow 

Red 

Bluish  Red 

Green 

Yellow 
Red 

Bluish  Green 

21 

2S'i 
2.H 
27| 

2y 

82 

ir,} 

17| 

17iA 

2i)\ 
2IJ 
21 

1S4A 

14} 

15tS 
16} 

18f 
20f 

FornTH  Spectrum, 
or  Order  of  Co- 
lours. 

9 
r 

Bluish  Green 

Green 

Yellowish  Green 

Red 

Red 
Bluish  Green 

21 

.T-if 
80 

2.5i 
27     1 

22 
22} 
2S| 
20 

Fifth 

Spectrum. 

Gre'-nish  Blue 

R«Mi 

Red 

in 

8  4      89i 

8y|     31 

Sixth 

Speclrum. 

Grei'ni>h  Blue 
Red 

58} 
f)5 

u 

•18} 

38 
42 

Sevknth 
S|K^ctrum. 

Greeni>li  Blue 
Reddish  White 

71 
71 

58} 
57} 

45} 
49] 

The  colours  in  the  ])reeedinir  tiible 
are  those  seen  when  the  liiclit  is  reflected 
and  transmitted  perpi'iidiculiirly ;  hut  as 
the  incident  ray  deviates  from  the  ])er- 
pendicnlar  the  rincrs  increase  in  size, 
the  same  colour  requirint?  a  ijreater 
thickness  to  jiroduce  it.  Hence,  the 
colour  of  any  iihn  will  descend  in  the 
scale  to  one  of  a  lower  order,  when  we 
view  the  plate  which  produces  it  more 
and  more  obliquely.  When  the  thin 
plate  is  rarer  than  the  ambient  medium, 
it  will  reflect  at  dift'crenlly  oblique  inci- 
dences all  sorts  of  colours ;  whereas  if  it 
is  much  denser,  the  colours  are  but  little 
changed  by  a  variation  of  obliquity. 

No  explanation,  entirely  free  from 
obiections,  has  yet  been  given  of  the 
colours  of  thin  plates.  Sir  Isaac  New- 
ton 8uppoi«d  that  every  njr  of  light  in 


passing:  throutjh  any  refracting  surface 
IS  put  into  a  certain  transient  condition 
or  state,  which  in  the  i)roEjes8  of  the 
ray  returns  at  ecjual  intervals,  and  dis- 
poses the  ray  at  every  return  to  be 
easily  transmitted  through  the  next  re- 
fracting surface,  and  between  the  returns 
to  be  easily  reflected  by  it.  By  means 
of  this  principle  Sir  Isaac  has  given  an 
explanation  of  most  of  the  phenomena ; 
but,  as  it  is  entirely  hypothetical,  and  is 
besides  of  a  complex  nature,  we  shall 
content  ourselves  with  having  merely 
announced  it. 

In  the  undulatory  theory  of  light  the 
colours  of  thin  plates  are  supposed  to 
arise  from  the  interference  of  the  light 
reflected  from  the  second  surface  of  the 
plate  with  the  light  reflected  from  the 
first  surface.    This  explanation,  whidi 

ni 
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mav  1)«»  a  true  ono,  even  if  li-ht  shouia  the  nn-s  correspondins:  to  it  will  dwap- 
conM.t  of  nr.iturial  partidos.  sooiiis  to  insir.  Henc-e  it  is  niamfi-st.  that  he 
a.m'o  wpU  with  the  fxperiiiu'iits  of  Sir    back   of  the  niin-or  is  necessan'  to  the 


Isaac  Newton. 

Chaptkr     Xl\\  —  C"hitrs    of    Thirk 

piatf'9~of  Double    Plnt(\s  hf  hijual 

Thicknt>*s^of  D-juble  Platrs  »>/'  Un- 

equal  Thirknoss. 

Colours  of  Sinirl,>  Think  Plufr*.— The 

colours  proihiciil  by  d;v>s  mirrors,  or 

thick  tranviparait  platt  s,  wrro  thscovered 

and  first  exaniinnl  by  Sir  Isaac  New- 

on.     Havini::  admilU'd  a  tu-am  of  the 

sun  R  11  (M-  «i".)  through  a  hole  in 


-.•i; 


ancy,  \%hi'n  tlu*y  are  produced  by  sue 

x.^».,, y..— -,     ci'ssive  nlU'xions   from   two  plaUs  o. 

he  aperture  K.     Tlu-se  linirs  had  the     CMjiial    thickness. — Tiiis     phenomenon, 
ame  colours    as    thosi*  s.vii  l.y   liL'ht     ^Nhieh  was  discos ered  by  Dr.  Ihvwstor, 

be   understood   from    {Jig.    3S.>, 


his  window  shutter,  otip-third  of  an  iuch 
in  diameter,  he  threw  it  in  the  ilir»  rtion 
of  its  axis  on  a  irla^s  niirn»r  M,  a 
quarter  of  an  itnh  ihich,  cimiaM'  in 
front,  ami  con\ex  and  quioksilM'u'dtu'- 
hind;  the  nulius  of  the  curvatuie  of 
both  sides  beinix  '>t\et  11  inchrs.  When 
a  sheet  of  paj)er  was  htid  r>  !•  »'t  11 
inches  in  front  m'  the  niirn»r,  lu-  ilisco- 
vered  four  orjirtf  colnnrLvl  riiii^s  rounJ 

tlu     '  ■       ~ 

s 

transmitted  thniuuh  ;l;iu  phitos.  and 
describi'd  in  the  piveeiiin:^  cluipier. 
AVhen  the  li;rht  K  11  was  rui,  all  the 
rinirs  were  /y</,  and  so  on  \Nith  tlu*  other 
colours  ;  the  rinirs  beini::  l^triiist  in  ni/, 
and  smalltst  in  rinht  \\ji\\\  Vpon 
ineasurinix  tlu'ir  diauii-icr  in  homoi;e- 
neous  liirht.  Sir  Isaac  found  that  the 
squares  of  the  dianietirsof  the  most 
luminous  parts  werr  :is  tlu*  nuuil»i*rs  0, 
1,  2,  '^y  4,  5,  &c.,  auil  the  scpiaivs  of 
the  diametiTs  of  tin*  darkest  jiarts,  as 
the  intermediate  numbers  A,  l.\,  'J*,  :ij, 
4  J, &c.  ^^  hen  mirrors  of  i;Tea1ir  t liick- 
Tiesses  were  useil,  the  rinirs  ^rew  loss 
and  less,  and  their  diameters  were  reci- 
piocally  as  tlie  sijuarc  roots  of  the  thick- 
ness of  the  mirror.  If  we  rub  otf  the 
quicksiUer  fn»m  the  back  of  the  miiror, 
tlie  Ynv^'H  become  fainter,  without  al- 
terini;  their  mairuitude ;  and  if  we 
])lace  a  larire  dro])  of  oil  of  tur]>entine 
on  the  ])aek  of  the  mirror  deprived  of 
its  silverini:,  or  any  other  oil  of  the  same 
refractive  iK)wer  as  the  irlass,  we  sliall 


proiluction  of  the  rinses ;  an  inference 
which  is  also  proved  by  the  fact,  that 
they  never  appear  when  the  reflexion 
is  made  from  a  simple  metallic  surface. 
Ili)wever  ]jerfectly    any    surface    of 
irlass  or  metal  is  poli-shed,  it  scatters 
iireirularly   in  every   direction    a  faint 
liirht.  by  'means  of  which  the  pohsiicd 
surface',   when   illumin-ated   in   a  ikirk 
room  by  a  beam  of  the  suns  licht.may 
be  seen  in  all  p«)siiions  of  the  eye.  The 
colours   of  thick  plates   are    of»viou-ly 
produced  by  this  scattered  liirht.    Sir 
Isaac  Newton  explahis  the  colours,  by 
the  hyi^jthesis  of  iits  (>f  easy  leilexion 
and  transmissiim,  mentioned  in  thepw- 
cedinsr  chapter ;  while  Dr.  Young  as- 
cribes them  to  the  interference  of  two 
'-proportions  of  liirht,  one  scattere-l  by  the 
'— j<<fr(mt   surface  of  the  mirror  before  re- 


fraetion,  ami  the  other  scatteriMl  by  the 
sami;  surfaee  when  the  ray  returns  to 
it  after  retlexion  from  the  back  snrfaci*. 
Cnfours  tf  D'luhif  Pia/'S  nf  Kqwd 
Thi'knr'iS.—  lw  the  preceding  experl- 
nunts  the  ring's  are  produced  by  a 
siuA'  ])late:  l)ut  they  may  l>e  niore 
easilv  seen,  and  with  much  more  brilli 


will 


Fig,  33.     1'^ 


-4  '  .1 


f 
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where  A  B,  0  D  are  sections  of  t-.v«^ 
plates  of  parallel  irlass  eut  <nit  I'f  t!:* 
same  piece.  Let  the  distance  of  th'";r 
nearest  siu'faces  be  about -,'.,tli  of  an  iiuh; 
und  the  eve  beinir  ]»laced  behind  th«:n 
at  VMet  the  observer  lookthrouirhtlif"! 
in  the  direction  V  U  at  a  caiuV.e,  or. 
what    is  better,  at  a  circular    disk  «i 


IS   helter,   at 
liirht   subtendmir  an  anirle  i>f  'l-  or  » . 

^ ^ ,  ..-  —    This  circular  disk  will  be  sceiji  sin.r'»t;; 

remoNc  entirely  the  reflective  power  of    but,  if  one  of  the  plates  be    •sjcnliy  in* 
that  part  of  the  surface,  and  the  part  of    clined  to  the  other,   as  sho^wn  in  the 
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flgure,  till  one  or  more  of  the  reflected  size  of  the  rin^s  which  they  prorlucc<l 

unaifes  are  distinctly  separated  from  the  For  this  purpose  he  selected  the  limit 

brijrht  imaco  seen  by  transmitted  lic^ht  of  the  first  pcreen  ring  and  the  red  one, 

in  the  directior  HV,the  reflected  imaire  and  by  means  of  an  instrument  which 

will  be  crossed  witli   about   15   or  10  he  calls  an  isWomW^r  "  he  was  enabled 

beautiful  parallel  frinijes.     The  central  to  measure  the  size  of  minute  particles 

frinijes  and  the  external  ones  on  each  or  fibres.     This  instnmicnt  consists  of  a 

side,  have  the   same  relation  to  each  plate  of  brass,  havinsf  an  aperture  in 

other  as  those   formed  by  tbin  plates,  its  centre  of  about  the  sixtieth  of  an 

The  direction  of  the  frini^es  is  i)arallel  inch  in  diameter.    This  aperture  is  sur- 

to  the  common  section  of  the  refleetintc  rounded    by   a  circle    of    jK'rforations 

surfaces;  and  Dr.  Brewster  determined  about  half  an  inch  in  diameter,  the  per- 

by  a  series  of  experiments,  that  their  forations  beinj^  S  or  10  in  number,  and 

production  dfjicnfh  ujton  t/ic  artinn  of  as  minute  as  possible.     Tlie  eye  bein.^ 

a/i  the  four  xurfurrM   of  the  vfatn  of  aided  with  a  lens,  the  substance  to  be 

gftiJfify  awl  that  their  t?ui*rriifu(f^  is  iu-  examined   is  iixed  in  a  slider,  and  the 

vcrsely  as  the  thickness  of  the  j>ltites  that  instrument  beinir  hold  before  an  Ar^and 

prfiduce  them  at  a  f^iven  iueliuation.  lamp,  or  tno  or  three  candles  placed  in 

These  results   are  ex\)lieable  by  the  a  row,  the  slider  is  drawn  out  till  the 

law  of  interference,  the  etlect  of  the  in-  limit  of  the  first  j^recn  rin^  and  the  red 

clination  of  the  plates  bein^,   as   Dr.  one  coincides  with  the  circle  of  perfora- 

Younjj  has  shown, to  reduce  the  vertical  tions,  and  the  index  shows  on  the  scale 

thickness  of  the  plate  in  the  ratio  of  the  the  mairnitude  of  the  particles  or  fibres, 
cosine.     See   FAijiburgh  Transactions,         In  order  to  find  the  value  of  an  unit 

▼ol.  vii.  p.  435 — 144.  on  this  scale.   Dr.  Younjr  availed  him- 

(hlours  of  Dout/le  Plates  of  Une(]ual  self  of  an  observation  of  Dr.  WoUaston, 

thic/iness,  —  In   usiui^   a   sextant,    Mr.  that  the  seed  of  the  />f/r'j|;)rrrfr;fi /^^m/a 

Nicholson    observed    colours   on    the  was  the  85 oodth  of  an  inch  in  diameter, 

glasses  employed  for  the  sii^hts,  aiul  he  Tliis  powder  pive  rint^s  in  which  the 

re^rded  them    as  analoi^ous   to  those  hmil  of  the  first  ^een  and  red  indicated 

of  thin  plates.     Dr.  Youni;  considered  3^  on  the  scile ;  so  that  the  value  of  an 

them  as  arisini;  from  a  slii;ht  difference  unit  of  the  scale  wav  3^.  times  8500,  or 

in  the  thickness  of  the  \\\  o  plates,  and  the  'JD, 750th  part  of  an  ineh,  or,  in  round 

as  the    same  th:;t  woulil   be  j)roduced  numbers,  the  thirty  thousandth  part  of 

by   a  sinirle    pla*e   whose   tliiekness   is  an  inch.     The  leadinir  results  obtained 

etjual  to  the  ditfcrence  of  the  thickness  by  Dr.  Youn^  are  found  in  the  foUow- 

of  the  plates.  ini;  Table  : 

Pmru  of  tlw  «■!• 

I'maptfh       \V  (\ih,nr\     nf      Minute  M»lk  «Iil»t«-<J.  viry  in«liMincl......... J 

Particles  and  Pifncs —  hnometer,  Huiiock's  uuhM,  imm  Bci t  J.ft 

Fibres  «»f<r\ »t.illii»e  l<n*    ^.^ 

If   we   look   at   the  sun,  or  a  candle,  smnt  of  n»riry,  cdikd  maiciar 6.| 

throu£:h  a  plate  of  i^lass    ujxm  which  nu^^f;,;;*^  Hi^I;;,r«n 

we  ha\e  trentlv  brealbeil,  or  over  which  Mandinp  somr  days,  (i  or 7 

we  luiNc   scattered   particles  of  dust,  or  ^':^!^:'^;]''^,^:]:]^:*'!'^:^^^  .7.5 

of  anv  fine  powder,  we  shall  observe  it  siik,  very  irregular,  aiHun j2 

surroKiuU'.!  witii  ,in!;s  of  colours.  Ky  'li:;^^/^^.":"::^':"*!..:"::::::::  U 

u^inir  the  seed  of  the  LycojKnlium,  or  \  igomji  Wooi    •» 

!)>■  placini;  a  dr..,)  of  I'looil  iliUitea  ^^M^  ^'*^^::^,j^'^y;:^:;:,X^»:^i^:c^!{. 

water  between  two  pieces  ol  j:;! ass,  the  ai.ont  15A 

rimes  of  colour  will  be  finely  exhi-  J!:;;^i\';;;:j!'vr^\;Hi.;in;;;:;u;«i^         IS 

bilcd.     Hound  the  luminous  body  there  Amtricaii  Kabbu'.  Wooi.  umisii  cciu>  \Vt.i.i, 

is  seen  a  liirht  area,  terminatinjr  in  a  ji,,fi^;p^yf^:{-\\\V:\\::':::::::::::\::::\  18 

reddish  dark  inarfrin;   this  is  succeeded  ufoi  of  tin- ovisMnmai.j j8 

by  a  riuit  of  w«/,A  grern.  an.i  ih.n  by  J--; ^f^i.J^'i^'ir^";';.?'.':'"'..;::;::::::.::  iS * 

a  rrr/ riui;, — these  two  last  colours  sue-  <i..ai'«  w.h)1 jj 

ceediuir  each  other  several  times  when  the  ^i^^'t^'JUUr.lllx 'd;  u/J'fi.K  Jc  i<;:  IV. !  1 WW:  ^ 

particles  are  of  an  uniform  diameter.  a  tmaiii  uk-w  uI  WtM»  Wwd M 

As    the    diameter    Ot    the    imuS    tllUS  ^Votduf  .n  tl^iuniil  K-m.m  Lord5om*rfille*t 

produced  increases  when  the   particles  »iiow,23io , 24 

or   fibres  become  smaller.  Dr.   Youna: 

proposcil  to  measure  the  diameters  of       •  FTuTOtwoOtwYvovVi>i«Vveu%iv^\^^^ 
Bucn  minute  bodieg,  by  detcniiinin^  ihc    a&d  wool. 


\r*tt  of  Mr  Wtiicm*!  Snuih  D< 


UvtIaiHl  MrtiD"  Wo.l 

Xlr S.>iitli  IkiKB  Wi»l 


KiBM  Wuvl,  liuniMiiitit-TiI'Ml  nu 

In  onliir  to  find  in  purl!)  of  nn  Rnslish 
inch  thi-  diiimL'trr  uf  Hiv  pti'iii'los  or 
fi1)i*»  of  any  of  tliuw  boilii's,  ivi'  have 
only  Id  miiltiplv-  -ithh..  1>v  Ihi-  nimiiHr  in 
Ihi-  t:il.lL-.  Thiis.  ll/o;l  (K-inir  7.  we  liavu 
thi!  ilbniHur  of  itn  parlicU-s  i„i„-  x  " 

Chaptrh  XVJ.—r-i/.iiirx   1111(1  ii/rur- 
ure  af  Miilher  »f  l'.wl- V-har'^ '.f 

Aiimiiit — -Vr.   Ihtrlnn's   lri»   oiiia- 

A  VKRY  inliTO&lini;  class  of  eoloiirs, 
wbivli  have  Iwen  ni-intly  hii|i1iaiiI  in 
the  iiwrnl  nr1»,  tire  cxhiliik'il  liy  luilMi- 
ed  Kurfao'i,  ciiIkt  tit  (.'Ills',  or  iii -'^il, 
when  thty  aru  er.js>i-ii  by  )i:iiiilli'l 
Ennjvt's  verj'  ni'ar  di  ratti  oIIiit.  ,Vk 
ihesi"  colours  hsuc  lici'ii  lontj  jiirii  uli- 
Kerved  in  niotlur  of  iirarl,  «,■  slnU 
beKin  !)>■  Kivinc  an  iU'cuiint  uf  llii'  vitv 
rnnarhidili-  iilu'iiiDiu'n;!  nliii-li  tlii-i  siil/. 
BtHnctf  exIiibilK. 

Mother  of  UL-url  lias  in  iniuinl  n  vi  r; 
irc\>i;iiliir  surfiwi', iind  tht'ri-r<it'>'  in  i<t<h-t 
ionhfU'nii  its  ]in>iii.'rlies.uv  mu-1  mIuI 
a  iiici-e  whii'h  is  rfv'itlaily  foritinl,  and 
whicli  in  wihtbI  Ims  nn  imiti)rm  v.h\\f 
colour  in  davlisht.  U'lxn  lliis  jiit-io 
of  nio'hiT  oV  i)i':t1  has  h.vn  ini.iiiid 
on  lii>th  siik-s  iiTjon  a  flat  slum',  nr  i]]iiin 
aiiiii'i- of  mvttil  Mjtii  i.rv  tiu''  muTv, 
it  IS  n-adv  for  (isr.  Ifwr  n.uv  ],l;u-,.  ,,nr 
vyv  near  one  of  Lis  si»f;ii-.-..  m,  as  u, 
see  111.-  iniaye  of  a  eaii.ili'  in  it  l,v  re- 
flexion. V.V  >liall  observe  ii  v/.l.lisli'dnll 
imai^.'  S,  (fig.  39.1.  free  fn.jn  any  of 
Fig.  V.K 


On  one  side,  suppose  the  left  of  thii 
dnil  ima^e,  Uiere  will  be  ijccn  abriglilvr 
image  A,  which  is  a  real  prismatic 
K|iectriuii  of  the  candle  conlaininK  tlie 
same  culours,  and  dispersed  nearly  as 
much  as  in  the  spectra  formed  by  a 
lamre  refracting  anijk  of  flint  glass, 
hut  having  its  iuuu  extremity  li  neart>9t 
the  ordinaiy  imaiie.  The  distance  of 
the  rcil  part  r  ot  this  imairc  from  the 
onlinai}-  imasie,  n,  in  a  sjiedmen  now 
befcire  us.  r*  i-S*.  On  the  oiitsule  of 
this  eoloured  iniace,  and  nearly  at  the 
same  dtstaneo  beyond  it  on  the  one  side 
ns  the  iliiU  iniat'*^  is  on  the  other,  will 
lie  Keen  a  mass  oriij;!it,  C,  of  a  erimson 
ciil.iiir,  «hieli  becomes  gx^vn  bj-  vunins 
thuiiidiiiiilicin  of  the  plate.  Tliese  tWw 
ima-es,  S.  A,  (_',  are  all  in  the  same 
sliiii-lil  line. 

It  we  ncHv  jffixh  the  siu^ace  of  the 
mother  of  iHiarl,  the  onlinary  lUill 
inia,:.:  S  will  become  briirliter.  and  a 
'•■•••iii'l piMniitic  imiis-v  li  iri/l /ilurf  uji 
diir  Ih,  :i>f,'.tite  hi  th'-  fir*t,  wl at  th* 
X'liiir  ,/ixt,in-v  /mm  tit-  nuHiwiu  im-ia< 
S.  'I'liis  '.•■c,,,./  prismatic  linage  liai> 
e\ae1h  till'   same  pntj^iertiek  as  tlw  first 


forniej  byllieoi 
and  its  dnlliie-s  artx 
ness  of  the  turfacu 


Wlien  ilie  polish  of  the  surface  is  re- 
luoviil  lij-  LTindintr,  the  seeond  |iri.i:!M- 
lic  inia-e  1)  ilisum)ean,  ami  ihtt  first  X 
is  icsloiid  til  lis  f.>mier  liislrv.  Uy  «. 
IH'.itiii-  the  priM-edintf  cMuriinents  .'n 
the  ..;.;«j*,/,.  ^ur/af  of  the  inmhiT  of 
pearl.  Ilie  saini'  jihi>nouiCim  ;ire  ob- 
served: the/fnrpnsinatic  nnaLi'  A,  anil 
the  mass  ol  ci.l..utt'd  lii;ht  S  lieiiu;  iu>» 
on  till'  tin/i/  hand  of  thf  muiiui) 
inwi;.',  aihl  the  .v'";W  nriamatic  niiai,e 
11  nil  Itu  \A\  baiiil  III'  it. 

If  v^ll.■(l  llie  I'laie  of  mother  .-ficiil 
is  siiflidnitiv  tlini  ivi-  examine  the 
traiiMnilleil  lJj;ht,  We  shall  m-u  ilie  i.ami> 
ai'l'tariilieeswliich  Wfsi-e  hi'  rcfleviea; 
1  he  iinain'  nhicli  is  bri::htest  by  n>tle\ic:! 
Iii-ini:  faiiiti-d  \y  transmission.  In  thu 
case,  too.  the  bhie  end  A  of  tile  iiii»iiial.e 
inia^'i'  is  iie;iiTsl  the  ordinary  iiuitv, 
and  the  red  .ml  *■  fai-thest  froiii  if. 

The  i-omninnieiitiiin  of  tlu'  colours  of 
mother  of  pearl  to  ullier  snbstiini-es 
iijon  uhich  i(  is  iniprcssfd,  which  was 
liisl  pninleil  out  by  Dr.  Brewsler. 
funiis,  (o  those  who  see  it  for  the  lirsl 
lime,  iini-  uf  the  most  Mirprisinji  jiheiio- 
ineii.1  ill  optics,  whik'  to  the  scientific 
obsL-rier  it  funiistu's  the  Ime  cause  of 
tliu  oi-i<;in  i.>f  ttie  colours.    If  wc  lake 


OPTICS. 

in  unpres^on  of  the  mother  of  pearl  Pig. 46. 
upon  black  wax,  wlien  very  hot,  or  in^ 
deed  upon  any  oIIrt  ci'mi'nt,  and  ex- 
amine thu  surface  of  the  wax  by  looking 
at  tlie  candle  m  it,  wc  shtiU  sec  all  the 
phenomena  i\-hich  wc  saw  in  the  mother 
of  pearl,  exceptinjf  the  ma^s  of  i:rimson 
lifCht.  if  the  tnolhcr  of  pearl  is  un- 
polishetl,  the  wax  will  r\liibit  only  one 
of  the  prismatio  ima;i;:i-s.  and  it  will  )>c 
on  rhc  opposite  »de'  of  tlie  onlinary 
iniBcc  from  wliat  i1  was  on  the  mother 
of  jtearl;  liccaiisc  the  imprfsiii^il  Ntirfacii 
mu^l  be  tlio  ruvcr^e  of  the  impre^suig 

We  may  imitate  artificinlly  and  more 

per&clly  Ihc  atlion  of  ttic  mdlhiT  of  however,    the  ^roovet    are    irref^lar, 

pearl,  by    plating  hinglius   or   Gum  ond  as  the  line  joining  the  coloured 

Arabic,   or  Balaam  "/    Tula    between  inufniR  is  always  ptrijeiiilifnlar  to  the 

two  surfaces  of  motlirr  of  pi'arl.    When  clirtK'tion  of  llie  grooves,  these  im-jtular 

the    enclosed    suhslanct-  hiis  dried  or  sm'tiinens  givu  colonrwl  images  lyini;  in 

cooled,  if  it  is  Dalsum  af  ToUi,  and  is  almost  every  direction.    Upon  raeasur- 

removed  from  thu  mother  of  ]iearl  siir-  ill;;  the  distance  of  Ihesc  grooves,  we 

bices,  it  wilt  display  by  reflexion  from  found  litem  tovan'from:i()U  Uiupwards 

cither  ufils  snrfaces,  and  also  liylruns-  of  Sfioo  in  an  inch ;  and  in  every  case 

■lission,  the  fine  piismatiii  eolunrs  of  tlic  di^lunce  of  any  of  Ilie  i>rismatie 

the  natural  sliell.    An  impressiou  of  images  from  the  ordinary  imogL'  incrca- 

mothcr  of  pearl  may  also  Ih-  taken  upon  s(-s  as  tliu  grooves  K-come  smaller  and 

the  fusil>le  metal  cmnposed  of  hisninth  cIoslt.    Iti  a  specimen  »ith  •invn)  in  an 

andmerairy;  and  by  hard  invssuro,  or  inch,    Ihc    distant-e  of  the   prismalie 

llie  bloiv  ot'  a  liaininer,  it  may  also  Im  image  fruni  the  ordinary  one  is  3"  -11', 

made  upon   cold  lead.     On  (hu  fusible  and  in  a  sjieeimen  of  9U0U  in  an  inch, 

mcloJ  tiic  ))hiy  of  the  colours  is  siniru-  the  distance  is  7"  ^2',  almost  exactly 

larly  fine;  Imt  from  a  gradual  chansre  in  doulile.      For    every    thousand    more 

Ihe  ciyslaHine  stale  ot  the  ludal,   the  grooves  that  there  are  in  an  inch,  the 

mu&ce  Boun   loses  lis  pulish,  and  tbu  prismatic   imagi->  separate    fVum   eacli 

column  disappear.  other  half   a  degree.     Ileiice  in  most 

From  these  fai^s  it  is  olivious,  that  specimens  of  uiuther  of  pearl,  when 

all  the  alwve  phenomena  of  mother  of  both  the  direction  and  tliv  distances  ot 

pearl,  as  seen  by  nAi'oti.'d  andtransmit-  the  fjTooves  are  various,  we  have  the 

ted  tight,  have  Ineir  oi'igm  m  a  parlicn-  prismatic 
lar  coufiguraliun  of  its  snrfact  . 

the  communication  of  its  iHvperlies  to  each  othiT. 

Otlicr  bodies  is  the  necessary  conse-  One  of  the  most  reroarkaldc  circum- 

(juencG  of  tlie  common ical ion   of  its  -itances  in  mulhcr  of  pearl,  is  that  when 

superficial  siruelure,— ami  that  none  o*"  we  grind  down  Ihc  nalural  sorface  with 

the  liidit,  excepting  that  wliicli  produee-  the  finest  powdi-rs,  ami  |iolish  it  to  the 

Uu;  muss  of  crimson,  has  penetrated  the  utmost  deinxiU  of  brilliancy,   wc     '"" 


surface  of  tlic  i 

In  order  to  aswrtain  v,*liat  this  cnu- 
figuration  of  surface  was,  we  examined  it 
witli  very  high  luaLiiil^ing  p»\kers,  avA 
fontul  that  even'  siieemien  wliieli  e\lii- 
bited  these  coliuirB  had  a  gniov.'d 
structure,  resemtiling  the  delie.ite  tex- 
ture of  the  skin  at  the  top  of  an  infant's 
finger,  or  the  wrinkles  which  are  mtin 
seen  on  surfaces  covered  with  vatnisli 
or  witli  oil  paint.  We  have  atteniiili'il 
to  reiH'eseni  this  surface  in  ifg.  -H'.).  a 
■mail  portion  of  wtucb,  m  »,  lias  tlio 
ftooves  nearly  paroUcL    la  mist  cases. 


never  to  able  logiiiwl  out  the  grooved 
stmctiuv  which  jiroduces  the  colours. 
Tlic  subsluno.'  of  the  shell  dUapjiears, 
but  the  depressions  us  well  as  Ihe  eleva- 
tions on  the  surface  are  worn  away  at 
llie  same  lime.  It  deiicrves  to  be  re- 
marked lou,  us  a  curious  circumstance, 
that  on  giiiiiling  down  the  surface  after 
it  is  polished,  one  uf  Ihe  sides  of  the 
groines  secjiis  lo  be  worn  down,  wliilc 
Ihe  otlier  is  scarcely  at  all  affected  by 
the  process. 

Alr.llers(.'liel  hasdiscoveiedinmoilier 
of  peai'l  anulhcrpairofncbulouscaluur- 


40  on 

nl  imtu.'ra,  the  line  joinine  nliiuli  is  nl- 
vrnys  )H>r|H>n(ltcii]iir  to  a  Korl  of  veimtl 
iitnidun:)ntli(tslii'll,n'1uuhei)i^tbri)iu;li 
it^  siiltstniiN,  and  cnnnol  hv  impn-sied 
uiHiti  wax.  Thi'se  imiii^-s  air  m.'i-ii  by 
liiiht  triiTisniiltuil  Ihriiiidi  a.  Ihin  nnd 
lii:;lily  polishi-J  [ilatt  of  tnollKr  ofixiirl, 
cut  j/nriilHtii  Ihi'  nutiir<i1  surfnci' (if  tlie 

ncKs  of  iM-lwctm  ^'^^\l  nml  ,A,d1li  of  iin 
iiK-li.  Till'  ncl'iiliiUEi  iiiint.i'^  uTv  kip.-, 
Hnd  (hiirilifftritil  putlslmvclh^fullniT' 
iiu;  (lisluiK.i'K  from  IIil-  uriUniirj'  iiimu'i^. 

TIm- Kstr-im-  lli-.l  Hav M"  T.l' 

Tin-  Mvan  It.iv    ..,..' R     SH 

Tin-  lAlri'in!' Vi<.k(  c,     IH 

lly  uu'jisiirimr  Willi  ^  luir'i  inajinifyini; 
iiowcr  IIk'  iviillli  iifliii'  M-iiis  nliieh  iiru- 
itii.ril  lli.'.i'iiiiHi.'.'s.Mv.llmi-lidfiiuna 
tliat  IlK'iv  wvti:  r;ii(ii>rtli('miTiun  inch. 
In  c\!imiiiiii^  tlit:  liiiniiiK!  ur  i)1iiU> 
wliit'li  (■iiiiii><.''iHl  till-  (.Ti-slulliiiu  lens  of 
at'ii.I  iii'»ly  kial^t,  Dr.' lh'i-(\!tkT  dis- 
Gatcn%l,  11'i.it  llu-ir  <iiii'f!UvK  iravc  tlie 
sniiic  pi'Iiiur  Hs  niolhiT  uf  jK'arl,  wiih 
tlii->  diiU'ii-iH-i-  oiily.  tktl  two  ami  siimv- 
titui-i  lliri'c  iirisiiiiitic  iinaL»'S  wviv  sclii 
on  (';u-li  Kiile  uf  Hit;  crcliiinry  iin;i-.'i:. 
Tliosf  lauiiuio  ((iiuinHiiii-alid'Hu-ir fii 
lour  to  Wiis ;  unil  t.'y  nii-iisnrini;  the 
diitiinct'Ti  of  till!  coliiiiri'il  iraiim-s  at 
difli'ri'nt  piirtx  of  Ihi-  l.iiiiiiiir,  he 
found  liiiu  Ihi'  fll'ri'K  d;inini>li>-d  :.tii- 
dii.i)ty  from  thi-  t-i^mitor  lo  tin-  jiulc  of 
the  li'Ds.  Iiijiiiin:;  like  iiii'dli^s,  m)  iis  to 
iillow  Iheiii  lo  jiiiL-k  101,1'11'tr  into  ii 
sjiUeiifiil  ^lll)el^i(.■il'S  as  liny  toiivpnie 
ti.  Iliv  iiok.  lie  .li^eo^eriil  also  in  llie 
knsot  the  Doiitto.  thr  nyini;  lish,  the 
hi-rriii!r,  Kie.  auolliL-r  M't  '.f  (-ulonnil 
iuDiLt^i  exiu-tly  n1  ri.'lit  anL'h's  lo  tJii'ni, 
and  a! Hint  IG'di^tant  from ihi- oviliiiiiry 
iiua:.i>.    Tlicv.'  iniaui's  jirovf  the 


li\  ciiltine  with  a  delicate  engine  paral- 
lel i^'oo^eg  upon  Nteel,  at  the  ilisiance 
of  from  the  2uUUdth  to  the  lu.iiuddlh  of 
an  inch,  he  has  nianufacliired  imitative 
jewel*  andotlK-r  nrtieles  of  fi^mnk-  orna- 
ments of  iTHiiscenJent  lieautv ;  and  liv 
■tHm]iini;  tlu'St!  grooves  on  lirass  ni<li 
Kli>el  dies,  ho  has  mimnfactured  bnttonit 
nt  a  nioiloriittf  exi)en!w.  In  day  liichi, 
these  colours  are  stmrcely  diHtinKiii»h. 
alile.evce|ilinKwlienthe  surface  reflects 
the  inuri:in  o;  a  dark  ohjM-t  upon  a 
IvM  pound ;  tint  in  strong  lilfht.  anil 
liartiuularly  in  Hint  of  the  sun  ami  of 
ipis  flumes',  till-  colours  shim-  with  f\- 
traoriUnar^'  hrilliancy,  nii.l  the  play  of 
tints,  «iii,-!i  flit  iiliiuit  with  every  himi- 
iions  imiii;v,  are  ri^  ailed  onlv'liy  the 
mat L'l ill's  1  hue-i  of  the  diatnotui. 

^I.FramilioIcr,  »bo  biu  Mnditil  the 
yhi'iiomeiia  iinJilucc.l  liy  irroo\i>d  snr- 
fiici's,  foiistnii-lni  a  maehine  liy  v.hirh 
he  could  .!rav    ■■         ■    -  '■  •   - 


it  Pill 


M-h. 


r  diMS 


:s  the 
least  thu 


lihrcs  »hi 

n idlhofanineh.   When 

that  the  crystalline  lens  of  a  smiill  Hsh 
is  thus  ciiniposnl  nf  hevenJ  niiIIion>  i  f 
sttwrate  filirex,  and  em-h  of  them  sub 
dividttl  into  st-veriil  thou^aIld  purtion': 
we  cannot  ftiil  lo  be  Ntruck  with  the  t  \ 
i|nisitc  lieanty  of  Mieh  a  conilmiiili  n 
and  with  the  admirable  skill  by  whiih 
il  is  tillL'd  f.ir  iK-ifiirmini;  the  m-Mnil 
opeinlions  of  vision. 

Thupriiicipluof  Ihejirodilctinnof  CO 
lour  liy  irro'iii'd  snrfiici's  has  been  eli 
KHiillv  and  itiL^'niimsK-  appliisl  l>v  John 
itarton,  Ksi).,  nf  Ihe  Royal  Mint!  to  the 


Chaptkh  X\"I1.— /jMcri/irc'ij  ■/  f/ic 
Eye — liimfliisiun-i  nj'  Ihr  Ki/r — }',r 
mali-ti  ••!'  /wui-rv  Ii«   Uif   Ih'tina— 

ty/  Er-l  I  'M-it—I>tstin'l  iwd Mia- 
tinrt  I'isimi  in  thH/aim"  fAjrrl—ln 
diKtiw-tii'-n' -if  I'iti-n  af  t^,h,..:f 
Ih^  Uplic  Srm—hi'.rmii^ii-n  in 
fhr  rhh'i  •<!'  (>hi,-.-h  s,-,;,  f >m,i'-!v 

—l,l<^-,l>.il.i!illl     -I-  th.-    F.lir    l-<    l\:IHt 

I.iahl~S.;,l  ;./-  I  ■Ui..n-Ui:,-;fi..->  .f 
li,-pnnii:Mi,  un  Ih--  Itrlim -Th.,ii- 
matfin-r — ^iiifili-   I'l'si-m    irith    Tn-- 

.:/■  Ih-  E;,^  I:  •hfer,,,!  /-■/./.,«-  V  - 
hiiia'iiilHtitivm —  SA'-rt^ia/K'-iln-" 
—tkuhir    S,,.;-!ni-.t-'.-i\l,-iil.i/     C-. 

l„„n-r..l..„n  Jr-m  //,,■    /«,.;«,,; 

Artion  '/  Light '-«  III,'  Kijf. 
Is  llie  npi  llie  at  inn  of  the  prineiples  of 
oplics  lo  the  eNpliiualion  of  natiiml ohi.-- 
uoiii.'ua,  Ihe  slrucluve  of  tlic  t-ye.  aii.t  tk.' 
iniui  r  in  nliidi  il  iHrl'urms  tbi.  fitiii:- 
tj    1     I  MSI  n  clumiurtuulariiuliet 

i  11.  biimm  Lje   of  whuli  wi.  Ii«<re 
1  liuit  \ii,«    m  (Jig  i\  )    ami 
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a  vertical  section  in  {Jifi[.  42.),  is  nearly 
of  ac:l()biilar  form,  with  a  slii^ht  elonga- 
tion or  projection  in  front.  It  consists 
of  four  coats  or  menibrani's,  rfjr.  the 
Sclerotic t  the  Cornea,  the  (Viomitl,  and 
the  Retina :  of  two  fluids  or  humours, 
the  Aqueous  and  the  Vitrenus  :  and  of 
one  lens,  called  the  CrystaUinr,  The 
Sclerotic  coat,  a  a  a,  ( fitr.  4'J.),  is  the 
outer  and  strontrest  coat,  to  winch  the 
muscles  for  ^ving  it  motion  are  Jittactied. 
It  constitutes  the  wliite  of  the  eye,  a  Aj 
(flg.  41.)  It  is  joined  to  the  Cornea,  h  A, 
or  the  clear  and  transparent  circular 
membrane  through  which  we  see.  The 
Cornea,  which  is  equally  thick  through- 
out, is  very  toujijh,  and  consists  of  seve- 
ral layers  or  folds  to  tjive  it  stren^h,  so 
as  to  defend  the  delicate  parts  within 
from  external  injur\'.  On  the  inner  sur- 
face of  the  sclerotic  coat  is  a  delicate 
membrane,  called  the  Choroid  coat, 
which  is  covered  with  a  black  pic^ment. 
On  the  inner  side  of  this  lies  the 
Retina,  r  r  r  r,  which  is  the  innermost 
coat,  and  is  a  tender  reticular  mem- 
brane, formed  from  the  expansion  of 
the  optic  nerve,  which  enters  the  eye  at 
C),  a  little  more  than  one- tenth  of  an  inch 
from  the  axis  on  the  side  towards  the 
nose.  At  the  end  of  the  axis  of  the 
eye,  and  in  the  very  centre  of  the 
retina,  there  is  a  snicall  hole,  with  a 
yellow  man;in.  It  is  called  \ho  foramen 
rentraie,  or  central  hole,  thouj^h  it  is  not 
a  hole,  but  merely  a  transparent  spot, 
free  of  the  soft  pulpy  matter  of  which 
the  retina  consists. 

A  flat  membrane  of  a  circular  form, 
ef,  called  the  iris,(c c.Jig.  41.),  and  seen 
through  the  cornea  b  b,  divides  the  in- 
terior globe  of  the  eye  into  two  very  un- 
equal parts.  It  has  a  circular  opening:, 
d,Jjg,  41,  in  its  centre,  called  the  pupil, 
which  expands  when  the  lis^ht  which 
enters  the  eye  is  diminished,  and  con^ 
tracU  when  the  liglit  is  increased,  Tlie 
qmce  before  the  tm,  called  the  anterior 


chamber  of  the  eye,  contains  the  aque- 
'^us  humour,  from  its  resemblance  to 
pure  water;  and  the  space  behind  the 
iris  is  called  the  posterior  chamber,  and 
contains  the  crystalline  lens,  cc,  and 
the  vitreous  humour,  which  fills  all  the 
rest  of  the  eye.  The  crystalline  lens  is 
suspended  in  a  transparent  capsule,  or 
bag,  by  what  are  called  the  ciliary  pro- 
cesses, gg.  This  lens  is  more  convex 
beliind  than  in  front,  as  the  fiy^ure  shows; 
and  it  consists  of  concentric  coats  com- 
pose<l  of  fibres.  It  increases  in  density 
Irom  its  circumference  to  its  centre,  for 
the  puqjose  of  correcting  its  spherical 
al )eiTat ion.  The  vitreous  humour,  V  V, 
oecui)ying  tlie  largest  poilion  of  the 
eye,  lies  immediately  behind  the  crystal- 
line lens,  and  fills  the  whole  space  be- 
tween it  and  the  retina,  rrrr. 

The  following  are  the  dimensions  of 
the  eye,  as  given  by  Dr.  Young  and 
M.  Petit : 

EnglUh  Inches 

length  of  the  optical  axrs  O.Dl 

ViTtir.il  cliDftl  nt  tlie  ct>rnca      ii.45 

Versed  sine  (if  ditm    o.ll 

Horizontal  ciittrd  of  the  cornea 0.47 

Opening;  of  pupil  occii  through  the  cornea 0.27  to  0.13 
Diininished   by  niagnifyuig  power  of  coiiiiato 

0.25  to  0.12 
Radius  of  the  anterior  lurfncc  of  the  cry»tulline 

lens   0.30 

Radius  of  the  posterior  surf.iie 0.22 

Principal  focal  di>t)iiicc  of  the  lent    1.73 

DidtaiKe  of  the  centre  of  ihu  optic  nerve  from 

the  renir-il  hole  at  the  end  of  the  axU 0.11 

Diatanir  of  the  iri>  fioni  the  (ornea    0.11 

Di.«taiue  of  the  iiis  fioni  the  anterior  surface  of 

the  crystalline.     0  •»! 

Range  ot  tlit  lye,  or  diameter  of  field  of  vision  110^ 

Dr.  Brewster  and  Dr.  Gordon  took  the 
following  measures  of  the  crystalline 
and  cornea  from  the  eye  of  a  woman 
above  50  yeiurs  of  age,  a  few  hours  after 
death. 

Diameter  of  the  crystalline 0.374 

Diameter  of  the  cornea n.AW 

Tliickness  of  the  crvslalline   0.172 

Thickness  of  the  co'rnea  0.042 

The  following  are  the  refractive  pow- 
ers of  the  humours  of  the  eye,  according 
to  ditterent  observers : 


Aqueous 
Humour. 
Hauktbee  LaS-VX. 
Jurin....    I..»."^i3 
Rochon..  l.;«2y 
Young  ..   1-3333 
Biewsier    1. 33(1(1 


CTystalline  I^ms. 
Outer  Coat  Centre.  Alran. 


1.3707    l.iWO    1.3ta9 


Vltrvour 
Ifumuur 
1.33&IA 

1..H33 

1.3XM 


From  the  last  of  these  measures  we 
may  deduce  the  following  indices  of  re- 
fraction : 

Index  of  Rcfractiou 
For  rays  pa«sing  from  the  aqueous  humour 

into  the  outer  coat  of  the  crystalline  lens  1.04G6 
For  ray«  passing  from  the  aqueous  humour 

into  the  crystalline,  taking  its  mean  index 

of  refraction l.OSU 

Fur  rays  passing  from  the  outer  coat  of  the 

crystalline  into  the  vitreouc  humour  ....    0  OS 
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Fromfliedimensionsof  the  eye  piven  the  progress  of  rays  throiis;h  the  hn- 

jibove,  and  by  nieiiiis  ot*  the  preceding  mours  ot  the  eye,  whether  they  fall  upon 

indices  of  refraction,  it  will  be  easy  to  it  in  a  parallel  or  a  divert^ing  condition, 
trace,  by  the  metliod  aheady  described.        Let  M  N,  for  example, 

i^.  43. 
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be  an  object  at  a  considerable  distance  point  m.    As  the  surface  of  the  retina 

from  the  eye,  E  F  O.    Rays  of  li^ht  is  a  portion  of  a  sphere,  these  pcrpen- 

diveririne:  from  the  j)oint.s  ]M  N,  will  be  diculars   must    all   pass   through  one 

converged  V)y  the  refraction  of  the  hu-  point,  which  may  be  called  the  centre  of 

mours  to  points  ?«,  w  upon  the  retina,  iw 6/^  rf/r<?r//ow  ;  because  every  point  of 

where  they  will  form  an  inverted  imaire  an  external  object  will  be  seen  in  the 

of  it,  in  the  same  manner  as  an  imaire  direction  of  a  line  jouiing  that  centre 

is  fonned  in  a  camera  obscura.    That  and  the  given  point.     The  truth  of  this 

such  an  imaire  is  act uallv  formed  on  the  we  have   estamished   by  niarkinc  tlw 

back  of  the  eye,  may  he  easily  ju-oved  perfect  stability  of  the  image  of  any  ol»- 

liy  parinir  away  the  sclerotic  coat  of  the  ject,  when  it  is  seen  by  ditferent  points  of 

eye  of  an  ox,  with  a  sharp  knife,  till  it  the  retina  when  the    eyeb.all  alone  is 

is  sufficiently  thin  to  allow  the  image  to  moved.     Hence   the  centre   of  visible 

be  seen  through  it.  direction  is  a  fixed  point  in  the  vitreous 

In  what  manner  the  retina,  thus  im-  humour;  and,  as  it  never  changes  its 

pressed  with  a  distinct  imaire  of  an  ex-  place  during  the  rotation  of  the  eyeball, 

ternal   object,   conveys    to    the   mind,  it  must  be  coincident  ^^ith  the  centre 

throiiirh  the  medium  of  the  optic  nerve,  round  which  tliat  rotation  is  jwrformtJ. 

of  which  it  is  the  expanded  teiniiuation.  In  consequence  of  this  coincidence,  and 

a  knowledire  of  the  existence,  the  ])o-  in  virtue  of  the  law  of  visible  direction, 

sition,  and  the  mairuitude  of  that  object,  an  arrangement  of  consummate  skiU, 

is  not  known,  and  probably  never  will  the  great  Author  of  nature  has  provided 

be.     Certain   facts,  however,  or  laws  for  the  perfect  stability  of  ever}' point  in 

of  vision,  have  l)een  deduced  from  ob-  the  inuiges  of  external  objects, 

servation,  and  meiit  our  attentive  con-  2.    Cuuxr  (if  errrt  rininri, — As  the 

sideration.  humours  of  the  eye  act  exactly  hke  a 

l.Onthcdirrctitmnfriiihh'ohjpcU. —  convex    lens   of   an   ecjuivalent    foc-al 

When  the  mind   sees  the  extremity  M  length,  an  inverted  picture  of  extenial 

of  any  object   MN,  by  means  of  rays  objects  will,    for   the   reasons   already 

flowing  lix)m  M  and  collected  at  w,  the  assigned  (Chap.  iv.  p.  12),    be  formed 

retina  receives  these  rays   at  different  upon   the  retina.     Many  philosophers 

de;rrees  of  ol)liqui1y,  and  yet  the  point  of  eminence  have  peiijlexed  themselves 

M  is  seen  only  in  one  direction,  namely,  very  unnecessarily,  in  attempting  to  de- 

in  the  direction  irf  the  central  ray  of  the  duce  erect  vision  Yrom  invei-ted  images, 

cone  whose  aj)ex  is  at  in.  This  h'owexer  The  law  of  visible  direction  remove's  at 

does  not  arise  from  the  ray  beintr  the  once  every  difiiculty ;  for  as  tliehnes  of 

resultant,  as  it  were,  or  the  mean  of  the  visible  din'ction  must  necessarily  cross 

directions  of  all  the  other  rays;  for  if  we  each  other  at  the  centre  of  visible  di- 

close  up  all  the  pupil  e\ce]>ting  a  small  rection,  those  Ir-un  the  lower  part  of  the 

opening  al  its  inaruin,  the  i)oiht  ^1  will  image  must  tro  to  the  upper  part  of  tlw 

be  represent  I'd  at  m  only  by  the  most  object,  and  those  from  the  upper  part 

oblique  rays  of  the  conical  pencil,  and  of  the  imaire  go  to  the  lower  part  ot  the 

yet  it  will  still  be  seen  in  the  same  di-  object,  and  hence  an  erect  object  is  the 

rectio  nas  before.     Hence  we  conclude,  necessar)-  result  of  an  inverted  ima:re. 

that  \vhen  a  ray  of  light  falls  upcm  any  3.    Distinct  and  indistinct  virion  in 

point  m  of  the  retina,  in  any  direction,  the  same  oltjecf. — When  we  look  in- 


however  oblique  to  its  surtace,  the  ob-    tensely  at  any  point  of  an  object  in  or- 

iect  will  be  seen  in  the  dii-ection  of  a    der  to  examine  it  with  care  and  atten- 

e  IHjrpendicular  to  the  retina  at  the    tion,  we  direct  to  that  point  the  axis  cf 


jec 
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ye,  and,  consequently,  the  image  altof^ether ;  the  impressfon  of  the  green 

it  point  falls  upon  the  central  hole  cloth  extending  itself  over  the  part  of 

i  retina.    Eveiy  other  point  of  the  the  retina  on  which  the  image  of  the 

object  is  seen  indistinctly,  and  the  pen,    B  C,   or    strip    of    paper,  was 

inctness  increases  with  tlie  dis-  formed.    In  a  short  time  the  vanished 

of  the  point  from  that  which  is  object  will  again  reappear.    The  same 

(Ustinctly.    The  only  perfectly  dis-  effect  is  produced  when  both  eyes  are 

point  of  vision,  therefore,  is  that  used ;    and  when  the  object  is  highly 

5  there  is  no  retina ;   but  we  are  luminous,   like  a  candle,  it  does  not 

ntitled  to  ascribe  this  to  the  al)-  wholly  disappear,  but  expands  itself  into 

of  the  nervous  matter,  as  tlie  ix^-a-  a  mass  of  nebulous  light,  which  is  of  a 

increase   of  distinctness   towards  blue  colour,  encircled  with  a  bright  ring 

•ntral  hole  does  not  appear  to  be  of  yellow  light. 

ipanied  with  a  gradual  diminution  But  thouijh  objects  thus  seen  indi- 
thickness  of  the  retina.  rectly,  or  obliquely,  occasionally  dis- 
Tndistirictness  of  vision  at  the  base  appear,  very  minute  objects,  which  can- 
?  f/t)ti''  nen^e. — It  was  discovered  not  be  seen  by  direct  vision,  may  be 
.  ^tariotte,  that  when  the  image  of  rendered  visible  by  looking  a  little  from 
bject  fell  upon  the  base  of  the  op-  them.    This  has  been  observed  by  se- 
!r\'e,  the  object  disappeared.     In  veral  astronomers,  both  with  regard  to 
to  prove  this  cxpenmentally,  fix  faint  stars  and  to  the  satellites  of  Sa- 
2  side  of  a  room,  and  at  the  height  turn.    When  the  eye  is  turned  full  upon 
J  eye,  three  Wcafers,  two  feet  dis-  the  star  or  satellite,  it  disappears  ;   but 
Stand   opposite  to    the   middle  when  it  is  directed  to  another  part  of 
with  one  eye  shut,  and,  beginning  the  field  of  the  telescope,  the  luminous 
the  wall,  retire  graduiilly  from  it,  point    will    become    distinctly    visible, 
ng  always  at  the  outside  wafer,  This  superior  vision  of  a  small  point  of 
is  on  the  same  hand  as  the  co-  light  seen  obliquely,  seems  to  arise  part- 
eye,)  till  the  middle  wafer  disap-  ly  from  the  expunsicm  of  its  image  by 
This  will  be  found  to  take  place  indirect  vision,  which  makes  its  light 
mifive  times  the  distance  at  which  act  upon  a  irreater  portion  of  the  retina, 
ifers  are  i)laced,  and  when  it  does  6.    Inscrisibi/ifi/  of  the  eye  to  direct 
n,  the  other  wafers  will  be  plainly  impressions  of  vry  faint  li^/it. — When 
If  we  use   candles  *in  place  of  the  eye  is  steadily  directed  to  objects 
J,  the  middle  one  will  not  disap-  ilhmunated  by  a  feeble  gleam  of  light, 
but  it  will  become  a  cloudy  mass  it  is  thrown  into  a  state  nearly  us  paiu- 
it.    The  base  of  the  optic  nerve,  ful   as  that   which  is  produced  by  an 
ore,  is  not  insensible  to  light,  it  is  excess  of  li^ht.    A  kind  of  remission 
mfit  for  giving  distinct  vision  of  takes  place  m  the  conveyance  of  the  im- 
objects  whose  images  fall  upon  pressions  along  the  nervous  membrane : 
.  Le  Cat  considered  the  size  of  this  the  object  actually  disappears,  and  the 
n  of  the  retina  to  be  about  one-  eye  is  agitated  by  the  recurrence  of  im- 
)r  one-fourth  of  a  line ;  but  Daniel  pre>sions  which  are  too  feeble  for  the 
iilli  found    it   to  be   about  one-  performance  of  its  functions. 
h  part  of  the  diameter  of  the  eye-  '*  The  preceding  facts,"  (J  5,  6,)  says 
intermission  in  the  vision  of  ob-  Dr.  Brewster,*  **  respecting  the  atfec- 
seen  ohiiqiteiy. — The  inability  of  tions  of  the  retina,  while  they  throw 
e  to  preserve  a  sustained  vision  of  considerable  light  on  the  functions  of 
s  seen  obliquely,  was  discovered  by  that  membrane,  may  serve  to  explain 
rewster.     If  \Nhen  one  eye  is  shut  some  of  those  phenomena  of  the  disap- 
Ihe  other  upon  any  point,  such  pearance  and  reappearance  of  objects, 
head  of  a  pin,  A,  stuck  into  a  gi  een  and  of  the  change  of  shape  of  inanimate 
cloth,  and  continue  objects,  which  have  been  ascribed  by 
for  some  time  look-  the  vulgar  to  supernatural  causes,  and 
ing  at  the  pin  head,  by  philosophers  to  the  activity  of  tlie 
objects,  such  as  a  imagination.     If  in  a  dark  night,  £br 
pen,  B  C,  or  a  strip  exami)le,    we    unexpectedly  obtain    a 
of  paper  laid  upon  glimpse  of  any  object,  either  in  motion 
the  green  cloth  at  or  at  rest,  we  are  naturally  anxious  to 
a     distance    from  ascertain  what  it  is,  and  our  curiosity 
the  pin,  will  occa-  calls  forth  all  our  powers  of  vision 
aionally   disappear  •  ^rfi,i^^j^7iiriHa  o/scVeii^^ 
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This  anxiety,  however,  serves  only  to  young  persons  above  mentioned  ought  to 

baffle  us  in  mir  attempts.    Excited  by  a  see  the  crimson  lisiht  reflected  l^  the 

feeble  illumination,    the  retina  is  not  clioroid  and  fallinsr  upon  the  retina,  in 

capable  of  aftordinir  a  permanent  vision  its  prosjess   out  of  tlie  eye.     I  have 

of  the  object,  and  wliilo  \Ne  are  straininir  ascertained,  however,  that  this  is  not 

our  eyes  to  discover  its  nature,  it  will  the  case ;    and  consequently  we  obtain 

entirely  disappear,  and  aflerwards  re-  a   stronii:  arijument  in   favour    of  the 

appear    and  vanish    alternately.    The  o])inion.  that  the  retina  is  affected  only 

same  phenomenon  may  be  observed  in  by  the  vibrations  communicated  to  it  by 

dayliii:Iit  by  the  sportsman,  when  he  en-  its  contact  with  the  choroid  coat.* 
deavours  to  mark  upon   the   monoto-        ^.Durationnfthfiitfipressions  of  light 

nous  heath  the  j.arlicular   sjict   where  upnti  the  nf(\ — Ever)- person  must  have 

nioor-;rame  has  aliL'litcd.  A\  ailirii:  him-  ol iserved  that  when  we  whirl  in  the  hand 

self  of  the  sli};lit(  >t  dilU'U •iH-e  of  tint  in  a  biiniiuij:  stick,  a  circle  of  liirht  is  stvn 

the  adjacent   hcatli,  iie  kccjis   his   eye  markinu;  out  the  ])aths  described  by  its 

steadily  ilxed  upon  it  as  he  advances;  bnrniiiir  end.    As  the  bumins:  extremity 

but  whenever  the  contrast  of  illumina-  can  only  be  in  one  point  of  the  path  at 

tion  is  feeble,  he  invariably  k^ses  sii;ht  the  same  instant,  it  is  manifest  that  the 

of  his  mark;    and  if  the  retina  is  airain  impression  of  its  litifht  continues  some 

capable  of  takimr  il  r.p,  it  is  only  to  lose  time  on  the  eye.    M.  D'Arcy  found  that 

it  a  second  time."  the  hi;hl  of  a  live  coal,  J>]ace<l  at  tiie  tlis- 

7.    Stat  (J'  visimi.—T\\Q  inability  of  tance  of  l(j5  feet,  con^mued  its  imprc^- 

the  base  of  the  optic  nerve  to  pertorm  sions  on  the  eye  duiimr  the  sevrnth  jntrt 

the  same  functions  as  the  i)arts  of  the  of  u  accond.     This  alfeclion  of  liie  eve 

letina  v»hich  surround  it,  led  ^lariotte  has  been  inireniously  used  by  Dr.  l\.i'is 

to  sui»i;oso  tbiat  the  chorcid  coat,  which  in  constnictinfij  a  toy  called  the  2%ww(i' 

lies  inunedialely  below  the  retina,  is  the  trnj/r,   from  two    Greek   words  which 

seat  of  vision.     'J'his  ojiinion  was  con-  signity  to  turn  wonders.   It  is  shov/n  in 
firmed  by  the  fact  of  the  transparency         ^  / 

of  the  retina,  v.hich  rendered  it  unfit  for  ^'fif'  *15. 
the   rece])tion   of  imat;es,   and  by  the 
ojKicity  of  the   choroid. 

In  "the  eye  of  the  cuttle-fish,  Dr. 
Knox*  has  shown  that  there  is  inter- 
]-osed  bet\\een  the  vitn^ous  humour  and 
the  retina  an  e\c('s.>i\iiy  daik  and 
opaque  pii:nH*nt  of  consi(]i'ral)le  c( insist- 
ency, a:>>uniinL::  the  fuim  of  a  mem- 
bnuie.  Hence,  if  tlie  retina  performs 
any  part  in  \i>ioFi,  the  inq)ressions 
made  by  the  irn^irvs  on  this  daik  mem- 
brane nmst  l:c  convived  bv  vibration  ».K.,vn  \  p  ;..  n  ,.:w.T,  ,...f  *  e  i 
to  the  retina  /;./,/../  ///  In  like  manner  '  'i  ,fi,^.  lu^  m  i  '^  n  ^''^'l 
m  the  human   eve,  the  impressions  on  '"^'l/''^^^  \^'.<  ^«  silk  s  rmi;s    C  D   fiNod 

the  choroid  coa{  may  be  conveved  to  '",'\ hi;/!"  !r\!:'i:^'\^ '^'^V'  •?"  ^''V 

the  retina  t.'/on>  ;/,  *bv  the  vibrations  *^"^V            i     .\          T"^.]^  "\^>"-'^' 

of  the  choroid.   Thi.  v  iew  <-f  the  mr.tter,  ^  :;;::•  ^              considerable  velocity, 

which   is  however  m.t  ^^ithout   its  difti-  u",:^' ' '^  '  ""^  •  ^^^^^^^^^^^        card  theie 

culties,  reconciles   the   opposite   senti-  «' t^''    /'"//^^ -'"V' ^"^?\^'' V'''^^^^^ 

ments  which  have  been  si/  lomr  enter-  ?"  i^,    ^w  o'!f''l  •      '^  ^^''' ''''^'rT' 

tained.     The  choroid  coat  has  generally  l^^^"  ^  t    '  ^^1  (  nvmn:.  so  that  vvhen 

\>een  supp-osed  to  be  A/arA,  and  M.  d  h  'J  tl    1,           1   '  T"^-  T  '"^'^  *  '' 

Cat  statli  that  it  ^-ows  les^  black  vvilh  w       I    n     f      '  ^'^^^^^Vn'  "/  '^'' 

affe.  I  have  however  observed  in  voum:  t^]"    /.^J       consequence  of  the  dnra- 

persons,  ^n^nendlv   below    the    a'j^e    of  ^T              ""I  rossions  of   ight  on  the 

fwelve.  ihat  it  reflects  a  brilliant  cnnison  \^X^'  see  at  once  what  is  drawn  on 

coh)ur,  similar  to  what  we  observe  in  the    ^'"^^'  Mdi^oHhecard^ 

It  would    tollow,    that    it     the    retina    is      vision   i>  ciTn-ted    by    imi,re.  of  thw  ili„;en!»* 

affected  by  rays  which  fall  upon  it,  the    f>>"»''jt  >n  ih.-  vitr.vni  hnniow.   He  i-,>nNiu,.r>'< 

, i»rob;il.lc,  that  the  >ensation  isi  conveyed  to  the  n-iioa^: 

•  J.-W    I       Lw         ,    ^  c  '         1.,       '■       Z^  ?>y "'"/»"  n^^ynatiianientsiextendiDf  from  iLc  lacier    ' 
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Hitherto  we  have  considered  the  eye  will  sometimes  cease  even  1o  follow  the 

ms  a  single  organ,  and  as  viewing  oi)-  movements  of  the  other.     In  this  case 

jects  at  that  precise  distance  whon  rays  squintins:  is  produced.      If  the  pood 

diver^ng  from  them  are  converged  to  eye  is  shut,  and   the  bad  one  forced 

points  oh  the  retina ;  but  as  almost  all  to  exert  itself,  the  iris  will  be  placed 

animals  have  more  than  one  eye,  and  symmetrically  between  the  eyelids,  and 

have  the  power  of  seeins:  objects  dis-  the  squint  formerly  seen  in  the  eye  will 

tinctly  at  different  distances,  we  must  disapi)ear.      Should    the    eye   in   this 

proceed  to  the  consideration  of  these  case  still  squint,  the  cause'of  it  must 

two  points.  be  sought  either  in  the  central  hole  of 

9.  CaiMe  of  single  t>ision  with  two  the  retina  not  being:  at  the  extremity  of 
eye§, — The  subject  of  single  vision  with  the  axis,  or  in  some  mal-conformation 
two  eyes  has  excited  much  needless  by  which  the  retina  is  not  perpendicular 
discussion,  as  it  is  the  necessary  con-  to  the  axis  of  the  eye  at  the  point  where 
sequence  of  the  law  of  visible  direction,  they  meet.  Such  a  case  we  have  never 
By  the  external  muscles  of  the  eyeball  we  met  with.  This  disease  of  the  eye 
can  direct  the  axis  of  each  eye,  so  that  might,  we  are  ])ersuaded,  be  frequently 
these  axes  when  prolons^ed  may  meet  cured,  even  in  adults,  by  those  \h\Q  are 
in  any  point  of  absolute  space  beyond  thoroughly  acquainted  with  the  struc- 
the  distance  of  four  or  five  inches.   Let  ture  and  functions  of  this  organ. 

us  suppose  that  we  are  placed  at  one  end  1 1 .  Arcommodation  of  the  eye  to  dif- 
of  a  room,  and  that  we  direct  the  axes  ferent  distances. — The  naiTOwness  of 
of  both  eyes  to  a  circular  ai)erture  in  a  our  limits  will  not  permit  us  to  detail 
window  snutter  at  the  other  end  ;  then,  the  various  theories  which  have  been 
though  an  image  of  this  aperture  is  devised  to  e\i)lain  this  property  of 
formed  in  each  eye,  yet  because  the  the  eye,  and  the  experiments  wnich 
lines  of  visible  direction  from  similar  have  been  made  to  sui)port  them.  The 
points  of  the  one  image  meet  the  lines  eye  is,  we  conceive,  adjusted  to  very 
of  visible  direction  from  similar  points  remote  objects  when  it  is  in  a  state  of 
of  the  other  image,  each  pair  of  simi-  ])errect  repose.  ^Vhen  near  objects  are 
lar  points  must  be  seen  as  one  point,  and  to  be  seen,  we  are  enal)led  by  a  volun- 
the  aperture  seen  by  one  eye  will  exactly  tary  action  to  draw  forward  the  crystal- 
coincide  with  the  aperture  seen  by  the  line  lens.  This  action  is  performed  by 
other  eye.  The  same  singleness  of  vision  the  contraction  of  the  pupil,  or  by  the 
would  take  place  if  we  possessed  an  expansitm  of  the  iris  tow;u-ds  the  centre 
hundred  eyes,  all  capable  of  having  of  the  pupil,  and  as  the  base  of  the  iris 
their  axes  directed  to  the  same  point.  is  connected  with  the  ciliary  processes 

If  when  an  object  is  seen  single  with  which  suspend  the  lens,  the  lens  will  be 

both  eyes,  we  press  one  eye  aside,  the  thus  removed  from   the  retina.      But 

image  formed  by  that  eye  will  separate  while  the  eye  possesses  the   power  of 

from  the  other  image,  and  the  object  voluntary  adjustment,  the  same  effect 

will  appear  double.     Or,  if  the  axes  of  may  be  produced  involuntarily  by  the 

both  eyes  are  directed  to  a  point  either  stimulus  of  light  upon  tlie  eye.     By  a 

nearer  or  more  remote  than  tlie  aperture  combination  of  the  voluntary  and  m- 

in  the  window  shutter,  then  in  both  of  voluntary  actions,  the  eye  is  accommo- 

these  cases  the  aperture  will  appear  dou-  dated  to  all  distances  within  its  range ; 

ble  ;  because  tlie  similar  lines  of  visible  and  for  short  distances,  when  the  volun 

direction  no  longer  meet  at  the  aperture,  tary  power  of  adjustment  fails,  the  ad- 

A  small  object  may,  and  sometimes  justment  may  siill  be  eifected  by  the 

does,  appear  double  with  one  eye,  when  involuntary   stimulus    of   light.      The 

the  cr}'stalline  lens  has  ceased  to  be  ho-  facts   and     reasonings   by   which   this 

mogeneous,  either  from  age  or  disease,  view  of  the  subject  is  supported,  will  be 

10.  Causrn/S(iuintinff.~— A  lierson  is  found   in    the   Edinburgh  Journal  of 
said  to  squint  when  both  eyes  do  not  Science,  No.  i.  p.  77 — 83. 

seem  to  be   directed  to  the  obje^:jt  at  The  accommodation  of  the  eye  to  any 

which  he  is  looking.   When  either  of  the  distance  is  eifected  at  the   same  time 

eyes  has  a  less  perfect  vision,  or  a  dif-  with  the  convergency  of  the  axes   of 

ferent  focal  length,  or  when  there  is  any  both  eyes  to  the^  object  to  be  viewed, 

weakness  in  its  external  muscles  we  are  These   two   movements    being    neces  • 

apt  to  make  use  only  of  the  good  eye ;  sarily  called  into   action  at  the  same 

and  when  we  acquire  the  habit  of  domg  instant,  cannot  easily  ])e  performed  .se- 

tliis  the  imperfect  eye  IS  left  at  rest,  and  parately,  which  has  led  to  the  belief 
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that  the  external  muscles  tvhich  con- 
veri^e  the  axes,  ])r()iUice  also  the  ad- 
justment by  i)ressure  nn  the  eyeball. 
This,  ho\vi'\(T.  is  not  the  ease;  as  we 
have  suceet'tled  in  pn^lucinir,  by  the  in- 
voluntaiy  stimuhis  of  Uirht,  an  adjust- 
ment to  one  di'^tani-e  when  the  axes 
were  eonveri^vl  to  amoren*mote  ]>oint. 
12.  CtttiKf  (if  fnrur^itrhtedfipxM. — When 
the  eve  l<w«'s  tin*  jmjwit  of  accommo- 
(latinii:  itself  to  Ui'sir  (»bj«*cts,  the  person 
is  said  to  lie  Innjrsi^htrd.  This  chanire, 
which  irent-rallv  shows  itself  ])y  the  dif- 
ficulty o:  ri'udinu'  sniiill  typo  \%ith  can- 
dle-lilrht,  eoiuni-.inlv  takes  iduce  at  the 
aire  of  forty,  ;ind  arises  from  a  meclia- 
nical  ehani^e  in  the  state  of  the  cr}'»»tal- 
line  lens,  by  whieli  its  density  and  re- 
fractive power  are  altered.  When 
every  other  part  of  our  frame  l»e£nns  to 
slirink  and  deeay,  the  eye  partakes  in 
the  penvral  chaiiire.  The  variaticm  of 
density  tnkes  place  most  fn'quently  «it 
a  particular  point  in  the  maririn  of  the 
lens,  and  re([uires  some  time  to  com- 
plete its  circle.  At  i!s  commencement 
vision  is  consideraldy  injured,  but  wlien 
the  chanire  has  become  symmetrical 
round  the  maririn  of  the  lens,  the  sym- 
metrical ac*'on  of  a  convex  lens  enables 
the  eye  to  see  as  distinctly  as  before,  by 
con veririnir  upon  the  retina  rays  flowinir 
from  near  objects,  which  the  unassisted 
eye  refracted  in  such  a  manner  tlnit  they 
would  meet  at  points  behind  the  retina. 

13.  Ciutxt'  of  .snortsi^fiif'dnfiss.  -When 
the  eye  is  not  able  to  see  distant  objects, 
and  recpiires  to  brinir  minute  objects 
very  near  it  in  order  to  be  distinctly 
seen,  the  perstm  is  saitl  to  be  t^hort- 
sifrhtrd.  In  this  case,  the  rays  from 
distant  objects  are  cnnverired  to  jjoints 
before  they  fall  upon  the  retina,  and  the 
evil  is  removed  by  usinir  a  concave  lens, 
which  delavs  their  converirencv.  This 
imperfection  of  the  eye  often  appears  in 
early  life,  and  seems  to  arise  from  an 
increase  of  density  in  the  central  pjirts 
of  the  crystalline  lens. 

14.  Ocular  sjyrtra. — Arcid4'ntaf  co- 
Inurs. — Chic  of  the  most  curioiLs  affec- 
tions of  the  eve,  is  that  in  virtue  of 
which  it  sees  what  are  called  <trul<ir 
upectrUy  or  accidental  colours.  If  we 
place  a  red  wafer  on  a  sheet  of  white 
paper,  and,  closinir  one  eye,  keep  the 
otlier  directed  for  some  time  to  the  cen- 
tre of  the  wafer,  then  if  we  turn  the 
same  eye  to  another  i)art  of  the  paper 
we  shall  see  a  grvcn  wafer,  the  colour 
of  wliicli  will  ip-ow  fainter  and  fainter 

we  continue  to  look  at  it.     This 


green  imajre  of  the  wafer  is  called  an 
o<!ular  spectrum,  or  the  accidental^  or 
0}tfmsitt\  colour  of  rt^i.  By  usini;  dif- 
ferently coloured  wafers,  we  obtain  tlie 
followmu  results : 

Cohwr  of  tlui  WmfiiT.  Cdoor  of  tlia  SpceVs. 

lilark While. 

White Bluck. 

Red Bluish  Green. 

Oran;;e Uliie. 

Yellow Indijo. 

(ireen Violet  with  a  little  Rtd. 

Blue Oninsre  Red. 

Indico Orange  Vcllow. 

Vmlel Bluisli  Green. 

If  we  arranire  all  the  colours  in  a  circle 
in  the  pro] u)rt ions  given  in  Chap.  viii. 
]).  '24,  the  red  and  the  ^iolet  extremities 
of  the  spi»ctruni  mcetinir  at  (P,  then  the 
accidental  colour  of  any  (»ther  culinir 
will  be  always  found  directly  opposite 
that  other  colour,  and  for  this  reason 
these  colours  have  been  called  in^i^i^mte 
cohmrs. 

The  same  thinir  may  be  done  more 
easily  in  the  common  si>ectrum  All, 
(Jig.  46.)   Take  half  the  spectrum  A  H 

A 

Fig.  46. 

Violet. 
Iiullco. 


viz.  A  m,  or  U  w,  in  a  pair  of  com- 
passes, and  havinir  set  one  foot  in  the 
colour  whose  acciclental  ccdour  is  re- 
([uired,  the  other  foot  will  fall  u]ion  the 
accidental  colour.  This  law  t)f  acci- 
dental colours,  derived  from  observa- 
tion, may  be  tluis  expirssctl  :  The  urri- 
dt*rital  cnlat/r  of  any  primitive  colour, 
is  that  colour  u^hich  in  the  jtri^matie 
ffjjfTtruffi  is  distant  /mm  the  primittre 
colour  half  the  length  of  the  ajiertrum. 
If  we  suppose  the  pnmitive  colour  to 
he  reduced  to  the  same  de^ee  of  inten- 
sity as  the  accidental  colour,  then  we 
shall  find  that  the  one  is  the  cmiph- 
ment  of  the  other,  or  what  the  other 
wants  to  make  it  white  liirht.  that  is, 
the  pnmitive  and  the  accidental  colour 
when  mixed  together  will  make  wliite 
light.    Hence  Uie  acddenkU  eoiomn 
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have  alio  been  calkd  eomplmtentari/  iilronely  exated  liy  Iheir  cnnlinued 
tohitn.  Sini-R  a  raixtim  r>f  nil  th«  iiction.  Ilsiu'iinibilitv  to  ml  liLflil  iiuiKt 
coluiirx  of  till'  sinvtniiii  furnm  white  ttieretunt  lii>  itiiuiiiisluil.  in  llic  siinii- 
liiflit,  it  U  (ibvimis,  that  if  one  is  k-ft  mnnnLT  as  Ific  jKiliir,-  \\\n;n  lonu  actiw- 
oul,  lliu  niixliin.'  of  Die  nMiiiiiii()i,T  will  toniiil  lo  n  |)iirtit.-ii[Hr  \w^\m  ci'u-ivs  to 
not  bo  white  but  wiinculhvrliiil.  Tliii  ftil  its  impitssjon.  AVIuii  flu-  cvr, 
othtr  tint  is  foiui.l  lo  bu  nciirly  that  tUcn-foii,  is  turricil  from  tin:  nil  wain 
which  (»n¥«|iii:ii)s  to  t1it.>k-iiilri-<ifi!rH-  to  Ibu  tvbik>  ]Ki])i'r,  tlii'  i-xt-ili'il  liorlion 
vity  of  all  tlu-  oIIut  colours  vMvAi  arc  of  thu  n-linii  is  iiisi'tisilili-  In  llit:  rcJ 
\m.  So  tliut  if  we  nmiiit;*- lh<!  ciilimrs  ruys  in  Ilu'  ivbiti'  p^ii^ir.  unci,  ('onso- 
inacirdo,a«in/rff.-l7,nliU-li  is  nolliiiii;  tiiitnlly,  sirs  IJial  clIdiif  uliicii  ;irisi's 
moiv  than  tlH-  iiri»mii1i(;  s|HHrimi  Iwiil  liom  tlu-  uiitou  of  nil  Uk-  i.lh.r  liiys  \'\A 
ronnd  till  its  twn  emis  A,  H  nu-i-1,  we  llie  nil,  tluil  is,  a  nrrniit/i  l./ii.-.'  Tin- 
Rhall  wu  that  tliu  ccntiviif  Lniiv'ny  of  same  i'\iihinii  turn  iiinilii-i  Mull  iIu- 
tlie  colours  wliirli  n-tunin  hRlt  »ni>  eo-  oIIut  L-olinirs.  If  the  tvufir  is  ir/iilg 
linir  i«  cniitti-d,  niusi  lu-ii-ssarily  be  ami  iiliii-cil  iiiinii  a  duik  uiimiul.  tlie 
opposite  to  ilii'  omitlitl  oluiir,  lliat  is,  nccidciilal  coliuir  miuk)  Ik'  /.l,i,-li .-  be 
the  ctinililt>ininilHrv  colour  u  fouiul  in  i^ausi-  tlie  (-nfii-bk-il  ]iin1iiiii  of  tlii-  re- 
tbe  same  way  aa  ifiu  m-tidi'iital  colour,  tina  is  iiiM-nxiblc,  -.m  it  w.-iv,  to  nil  Ilic 
l^ius  colours    wiiii-li    foniiiiiM-  wliiti-    liiiht. 

WliPd  Ibi- wafi-r  is  hlwk  upon  awliile 
p-iHUii!,  the  ijortiiiii  of  tlie  i-yi^  ii|>iin 
which  the  imaici'  falls,  in  place  of  lieiiie 
.■nf.TMi-.l.wrdn-»lu-.ll.y11u-abselicerf 
lidil.  wliili- tlu-  ri'sl  of  Ilu-  rt-liiia  around 
it  is,-n(Vil,l,,l  l.y  th.-uliit(-iiirliloftl« 
pajitr,  Ili-uM-,  v.!ii-ri  Ihi'  ey:  is  turned 
u|ii)n  a  ttliifi-  uriiuiid,  it  iviU  st-e  a  jmr- 
liini  wliiii-r  tliau  the  n-st,  so  that  tlie 
aeeidcutiil  (-iilinir  of  /iliurk  is  leAile. 
iM  Placv's  thi-ury  uf  aeddeuliil  eoluurs, 
which  we  cannot  |in.-l(-tiil  fully  to  un- 
dersland.  isKivi-nbyllauyiu  tlu-follow- 
inc;  words: — "  He'sii]ii)oscs  that  Ihera 
X  the  rril  is  omitted,  Ihi-  ci-iitrc  of  trra-  exists  in  Ilu;  cji'  a  certain  disposition 
vity  oflhe  ri-maiuhiuari-hwill  111- in  the  in  virtue  (if  wh'ich  the  rat  rays  com- 
pile. Wt-  have  insctlwl  in  the  tiL,'Tiri'a  jirisfd  in  tlu-  irhilfii'vii  of  the  ktohikI, 
wiiHllslriiicifwlii1i',:ind»iiij|lier  of  black  art-,  at  the  mnnu-nt  «h™  thi<y  arrive  at 
oii[Misitetij  it,  in  iirdi-r  to  huhiiii- all  the  that  oman,  in  a  nianni-r  altriicttid  by 
speeimeiis  of  aciiiliiiialciilonrs  :  luit  it  those  whitli  form  the  predoniiuanl  red 
•Uffht  to  lie  r<'iurirki'<l,  llml  1h<<  tints  cntour  of  the  circle,  ki>  that  tlie  two 
HiUN  fcinuiKl  from  the  coiiinum  pris-  iniprcssiiin<:  liecoine  blende<l  into  one, 
matie  xjieetruiu  arc  ruit  cn ad ly  those  and  the  pT'vn  colour  finds  ilst>lf  at 
winch  cxi)eriim-nt  nivi-s.  The  culours  liberty  tu  ad  as  ihoujrb  it  existed  alone. 
which  Diicht  to  be  used  aretluise  which  Accordini;  to  this  nietlioil  of  coneeivini; 
am  fciuwl  in  a  spirtruni  furnu-d  by  a  thiiuis,  the  sensation  of  the  nddi-eotn. 
prism,  when  the  hoiim  of  liijhl  is  lariier  poses  that  of  the  whilvness.  and  whikl 
than  the  anindar  mai;uitnde  of  the  n.-al  the  homuc^emims  net  Ions  combine  to- 
qtednmi.  In  this  ease,  the  eentreuflhc  pother,  the  action  nf  the  he1eri)i;eueoii!i 
«|ieolrUD)  will  Ik-  irhilr  liirht,  passing  rays  which  arc  disenijaipd  troiu  (lie 
OD  one  side  info  jki/c  yiitim;  ytikiir,  comliinatiun  produces  its  effeut  K]>a- 
onngr,  and  ml,  and  on  the  other  aide    ratciy."  * 

into  greem'th  A/w,  imtig",  luul  ci-Jel.  \\'nen  a  sfroni:  impn-ssion  of  white 
In  such  a  siu-druni  Ihcn.'  is  no  un-  licht  is  made  uiuin  ihe  eye,  a  sucees- 
mixnt  creen,  tluunth  we  have  inserted  sion  of  remarkable  spi-elra  is  visible, 
it  in  Ihe  fitrure.  When  tlie  snn  was  near  (he  hiniium,  \L 

From  the  precedinir  fads,  the  reader  ^pinus tlxed  his  cjc steadily  ujHin  it  (at 
will  have  no  iliffienlty  in  nuderslandiiie  fifti-tn  secoiuls.  Cpon  shutlim;  liis  eye 
the  commun  theory  nf  accidental  eo-  he  saw  an  inesjular.  pale,  uri-riihh  yd- 
lours.  When  Ihe  eye  is  fixL-d  fur  some  low  tniaiK  of  Ihe  sun  surrounded  with 
time  on  the  red  wafer,  the  part  of  the  — »-;r-:r —  ,  ■  ■.  ■.  -tt, — _.  ■  . . — 
ntin.  on  Khkh  Ihe  r.d  ij.  till  i>    j-.^.f-vJlT,''*         "  "  ""'^- "»"'•• 
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a  faint.  vpH  bordor.  Wiion  he  openod 
his  cyo  p.nil  lurncd  it  to  a  white  inHxind, 
the  inuiic^*  i)f  tho  sun  wa**  hroiruifth  red^ 
and  its  honker  shj  h!ue.  \Viili  his 
eye  aijain  shut,  the  imaire  appeaivd 
gr^t'tt,  and  the  bt^rdov  a  rrrf  ilittVrent 
irom  the  last,  (hi  openinirhis  eye.  and 
tununir  it  to  a  white  iO'Oinul  a**  lu»fore, 
the  imaiije  was  77v>rf'  rni  tlian  formerly, 
and  the  burder  a  hri^hfrr  sky  h/uff. 
His  eye  hi-ini;  airain  shut,  tlie  imai^e  was 
^/w//,  approaehinir  to  slii/  tdue„  and  the 
V)order  a  rrd  still  diUerinLr  tVoni  tlie 
former.  When  liisoyewas  airain  open- 
ed ui)on  a  while  trround,  the  iniaire  was 
still  roiL  and  its  border  shtj  hbii\  but 
with  diiierent  shades  from  the  last.  At 
the  end  of  four  or  five  minutes,  when 
his  eve  was  shut,  the  iniaire  was  w  fine 
iktj  ftluf\  and  thi*  bunler  a  hriHitint  ral ; 
and  u])on  openini,^  his  eye  as  formerly 
up(Hi  a  white  trrouiul,  tlie  imairt^  was  a 
brill  hint  ml,  and  the  bonier  a //w*'  akij 

hlUf!.* 

Kxperiments  of  a  similar  kind  wei-e 
made  by  Dr.  Urewster,  by  lookinii:  at  a 
l)rilliant  ima«:je  of  the  sun's  disU  formed 
byaeonca%e  refteetor.  With  his  riicht 
eye  tied  up,  he  viiwed  this  luminous 
disk  with  the  left  Ihrouirh  a  blaekened 
lube,  to  prevent  any  extraneous  liixht 
from  iallinir  upon  the  retina.  When 
the  retina  \\as  hiijhly  excited  by  this 
nitense  lii,^ht.  he  turned  his  let>  eye  to 
a  while  irround,  and  perceived  the  fol- 
low inix  spectra  by  alternately  oi)eninij 
and  shultinix  the  eve. 

m 

i<p(>«tra  »ith  the  lift  Kje  opeii    Sp««tra  tkitf.  the  Irft  K|e  »ht>e. 

1.  I'iiik  suiruurulod  wiiM  (iiveu,  (iivcii. 

2.  Or.in^e  mixttl  with  I'iiik    Hhie. 

8.  Yell«»\vi>h  Hn)wn Bluish  Pink. 

'1.    Yfllow IJ;;lllLT  IJIue. 

a.  l*iiro  Kt:«l Sky  lihic. 

C.  Orai^o Irnliuo. 

These  si)eetra  were  alwavs  surround- 
ed with  a  rinir  of  the  accidental  colour.•^ 

Tlie  phenonu'ua  above  described, 
])rove  that  the  ct)mmon  theory  of  acci- 
dental colours  is  true  only  with  weak 
deioees  of  liirht,  fur  in  the  i)recedin^ 
e\i)eriments  the  speetj'um  ought  to 
ha\e  bein  black. 

If  when  one  of  these  spectra  is  visi- 
ble we  press  the  eye  to  onv  side,  the 
sju'clnun  will  appear  to  be  absolutely 
innuo\ablo,  if  the  experiment  is  no't 
made  with  much  attention;  and  upon 
this  im])erfect  observation.  Dr.  Wells 
and  others  have  founded  strange  theo- 


ries. It  will  be  found,  however,  by 
pressinij  both  the  eyes  at  once,  and  by 
due  attention  to  their  cori'espondinj^ 
motions,  that  the  spectrum  does  move, 
and  that  it  i>  seen  by  tiie  eye  in  the  same 
manner  as  if  it  were  the  iniaire  of  an 
extemal  object,  conformably  to  the  law 
of  visible  direction.* 

IJy  means  of  pressure  upon  the  eye- 
ball, ocular  spectra  may  be  produced; 
and  when  spectra  pnxluced  by  exter- 
nal impressions  of  liirht  are  seoii  by  the 
eye,  their  colours  are  chanired  by  pres- 
sure on  the  eyeball.  The  jires'sureof 
the  blood  vessels  on  the  back  of  the 
eye  often  produces  spectra,  in  particu- 
lar states  of  the  stomach.  In  sliirht 
aiiections,  these  spectra  j.n'  iloatine: 
masses  of  blue  liirht.  which  ai)pear  and 
disapi)ear  in  succession;  but  in  severe 
ones,  they  become  irreen,  and  sometiiiiPS 
rise  to  yellow.  Hence  it  follows,  that 
pressure  ui)on  the  retina  creates  the 
sensation  of  liirht  and  colours. 

15.  C'thntn  prinlnciJ  hif  the  ufivquiil  ' 
action  nf  li^ht  i/pnn  the  eyi'it, — If  we 
hold  a  slip  of  white  j»aju.r  vertically 
about  a  hiot  from  the  eye,  and  din-ct 
both  eyes  to  an  object  at  some  distance 
l)eyond  it,  so  as  to  see  the  slip  oi  pa|>er 
double,  then  when  a  candle  is  biought 
near  the  riirhl  eye,  so  as  to  act  sfrondy 
upon  it.  while  the  left  eye  is  protec»i\l 
from  its  liLrht,  the  left -haiul  sli])  oipaiier 
will  be  of  a  lt)lerab]y  briirht  i^r-m 
colour,  while  the  riirhi-hinul  shj)  of  pajHT 
scon  by  the  left  eye  will  be  of  a  tf^ 
colour.  If  the  one  imatro  ovei laps  the 
other,  the  colour  of  the  overlappjJi:: 
])arts  will  be  white.  arisin<r  from  a  ua\- 
ture  of  the  complenu-ntary  n./  ar.d 
grrcn.  ^Vhen  etjual  candles  are  held 
etpudly  near  each  eye.  each  of  the  ima- 
ges of  the  slip  of'jiaper  is  wliite.  If 
when  the  pa|K:r  is  seen  nd  and  ^irttm 
by  ludduiL'  the  candle  to  tb.e  ridJl  eye, 
we  ipiiekly  take  it  to  the  letY  eye,  we 
shall  iUidlhat  the  lel>  imajre  of  tlie  slip 
of  j)aper  padually  chanires  from  ^rntti  i 
to  red.  and  the  r'itcht  one  fn)ni  nd  to  , 
irri>r?f,  both  of  them  havin^r  the  same 
tint  durinir  the  time  that 'the  chan::e  is 
p'oiui:  on.  This  beautiful  experinunt 
was  fust  maile  l-y  Mr.  Smith,  surireen  < 
hi  Kiniruissie,-*-  and  seems  to  conliim 
the  obseivation  made  by  Dr.  Urewsler. 
in  the  article  on  accidental  colour-s  , 
already  quoted,  tliat  in  certain  hijrhiv 
excited  states  of  one  eve,  the  reverse  im- 
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prcsidon  may  be  conveyetl  from  the  one  callmer  his  attention  to  the  beauty  of 

eye  to  the  other.     In  order  to  ascertain  the  fruit  of  the  Siberian  era]),  which  he 

if  this  was  the  case,  we  placed  a  blue  could  not  distinguish  from  lliu  U-aves, 

glass  in  front  of  the  unexcited  eye  that  but  by  its  form  and  size.     Mr.  Dalton 

pave  tlie  red  colour,  and  the  eriect  of  cannot  distiuijuish  blue  from  pink   by 

this  was  to  convert  the  green    inmyje  daylii^ht ;  and  in  the  solar  spectnun  the 

seen  by  the  other  eye  into  a  i^eenish  red  is   scarcely  visible,  the  rest  of  it 

sulphur  yellow  colour.     In  this  case,  appearing:  to   consist  of  two  colours, 

the  riiijlit  eye  must  have  had  its  imacje  yellow  and  blue.     JMr.  R.  Tucker,  son  of 

mo<liiied  by  the  ima*^e  in  the  left  eye.  br.   Tueker,   of    Ash]>urton,    mistakes 

If  in  the  precediiiij  experiment  we  sub-  oranii^e  for  tn'et*n,  like  one  of  the  Hju*- 

Ktitute  a  candle  in  jilaee  of  the  slip  of  rises.     He  cannot  distinijuish  blue  from 

pa]K*r,  the  given  image  of  the  candle  ])ink,  ])ut    always   knows   yellow.     He 

seen  by  the  excited  eye,  will  appear  to  be  describes  the  colours  of  the  spectrum  as 

surrounded  with  a  bright  blue  margin,  follows: 

10.  InHensibility  of  certain  eyt'.s  to  ,.  Red,  n.isUiken  for Rrown. 

particular  rolnurs. — Various  cases  have  2.  Oran^o Green. 

been  de>enbed,  in  which  persons  capa-  3.  Yellow   ^renorally  known,   but 

ble   of  performing    the   most    delicate        somelimts  taken  for Orange. 

fiincti(ms  of  vision,  are  unable  to  distin-  4.  Gret'i),  mistaken  for  Orange. 

guish  particular  colours,  and,  what  is  5.  Blue Pink. 

certainly  a  remarkable  fact,  this  imper-  ^'  Inilia^o Turple. 

fection  runs  in  families.     Mr.  Huddart  '^-  ^''^^^^^ rurpie. 

mentions  in  the  Phil.  Trans,  for  ]  777,        Mr.    Harvey  has   described   in  the 

the  case  of  one  Hanis,  a  shoemaker  at  Edinburgh  Transact  ion  a  the  ease  of  a 

Allonby,   in   Cinnl)erland,   who    could  tailor,  now  alive,  and  aged  sixty,  who 

only  distinguish  black  and  white.     He  could  distinguish   ^\ilh   certainty    only 

was  unable,  when  a  child,  to  distinguish  white,  yellow,  and  giey.     On  one  occa- 

the  cherries  on  a  tree  from  the  leaves,  sion    he   repaired   an   article   of  dress 

by  any  other  means  than   their  sbape  with   crimson,  in  place  of  black  silk ; 

and  size;  and  was  surpiised  to  find  that  and  on  another  occasion  he  patched  the 

his  companions  could  discern  t]ic'*3i  at  a  elbow  (jf  a  blue  coal  with  a  piece  of 

much  greater  distance  than  he  could,  crimson  cloth.   He  regarded  Infligo  and 

although  he  saw  objects  in  general  as  Prussian  bine  as  black ;  he  considered 

well  as  they  did.     He  had  two  brothers,  purple  as  a  modification  of  blnr;  and 

almost  equally  defective,  one  of  whom  ^T^r/i  puzzled  him  extremely.  Thedark- 

constantly  mistook    orange  for    grass  er  kinds  he  considered  to-be  ^ro^'w,  and 

green,  and  hght  green  for  yellow.  Hehad  the  lighter  kinds  as  pale  uj-tw^c.  Heex- 

two  other  brothers  and  sisters  who,  as  i)erienced  no  difiiculties  with  good  yel- 

wellas  their  parents,  had  no  such  defect,  lows.     His  notions  of  orange  were  ini- 

Another  case  of  a  Mr.  Scott  is  de-  perfect.  The  reddish  orani^es  he  termed 

scribed  by  himself  in  the  Phil.  Trans,  brown,   and    the   ligiiter  kinds  yellow. 

for  1778.     He  did  not  know  any  ejeen  He  considered  carmine,  lake,  and  crim- 

colour:  a  pink  colour  and  a  pale  blue  son  to  he  blue.    The  solar  spectrum  lie 

were  perfectly  ahke  to  him.    A  full  red  regarded   as  consisting:  only  of  yellow 

and  a  full  green  were  so  alike,  that  he  and  light  blue.     None  of  the  family  of 

often  thought  them  a  good  match  ;  but  this  person  had  the  same  defect. 
yellows,  light,  dark,  and  middle,  and  all        Dr.  Nicol  has   recorded   a  case   in 

degrees  of  blue,  except  pale  sky  blue,  he  the  Medico-diiruriiical  Tranaactions, 

knew  perfectly  well,  and  he  could  discern,  where  a  person  who  was  in    the  navy 

with  paiiicular  niceiicss,    a  deficiency  purchasetl   a    blue   uniform   coat    and 

in  any   of  them :  a  full  purple  and   a  waistcoat,  with  red  breeches  to  match 

deep  blue,  however,  sometimes  baffled  the  blue  ;  and  he  has  meiilioned  a  second 

him.     Mr.  Scott's  father,  his  maternal  case,  in  which  the  defect  was  derived 

imcle,  and  one  of  his  sisters,  and  her  through  the  father ;  and  a  third, in  which 

two  soMS,  had  all  the  same  defect.  it  descended  through  the  mother. 

Our  illustrious  countrymen,  Mr.  Du-        In  the  case  of  a    gentleman  in  the 

gald    Stewart,   Mr.  Dalton,    and    Mr.  prime  of  hfe,  on  whom  we  have  our- 

Troughton,  experience  the  same  inabil-  selves    made    experiments,    only    two 

ity  to  distinguish  certain  colours.     Mn  colours  were  perceived  in  the  si)ec!rum 

Stewart,  we  believe,  first  perceived  this  of  four  colours,  in   which    there  was 

defiict  when  one   of    his  family  was  only  red,  green,  blue,  and  violet.    Tlie 
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colours  which  he  saw  wcro  Nue  and 
ypflniv.  Whenever  tlu*  colours  of  the 
spectrum  wt-re  absorbed  by  a  roddiNh 
plass»  excepting  reil  and  dark  irrccn,  ho 
saw  only  one  colovn*,  riz.  yellow  or 
oranire,  which  he  could  not  dislinzuish. 
AVlK-n  the  middle  of  the  red  *;j)ace  \\as 
absorbe«l  by  a  blue  i.-la'j^.  he  saw  tliL' 
black  line,  \Ni*h  ^^hat  he  called  the  yel- 
low nn  Cii'-h  M'ie  «>t"  it. 

In  Ihe^e  \ariti'.i«*  c:i-i"i  tho  pi-r^ojis 
nrr  ins'usif,!-  f-,  r»'l  li^ht,  nml  *ill  tho 
ctilnurs  ifii '  irhi  7/  it  t  /it-  rx,  Mr.  Dalton 
thinks  it  ])r«tlial  le.  that  tin- red  li.:lii  is, 
in  tlu'se  cav«<.  ab'^'-rbed  by  iIk-  vitr«»'U'< 
humour,  which  he  supposi-;  may  hme 
a  blue  tint.  It',  uliieh  i>-  pmliniile.  tlie 
choroid  coat  be  esseuMal  t«>%isiiMi.  \%e 
may  a^^cribc  the  loss  i»i'red  li/.ii,  in  cer- 
tain eye*J,  to  the  r«!ina  i'^rlf  h:.\i!ii,'a 
blue  tint.  irthedi'»>ee.!iun  of  the  eye  or 
any  j)erson  who  posM-'.Ms  tliiN  ])iea:i.i- 
ritv  shall  notesta!)hsh  anv  ol*  tl.i^t'  two 
supi)ositiiins.  wi:  lU'.iNt  content  curxelves 
with  snpp«)Ninir  that  tlu-  retina  is  insen- 
sible t«»  the  colours  at  one  end  ol  the 
spectrum,  jii>t  as  the  ear  ofci-rtciin  ]ier- 

.  !.._  .  I .       1    1  ..  i\-.     n»    n..    •   .„ 


sons  has  been  pro\eil,by  Dr.  Wullaslon, 
to  be  insensiiile  to  sounds  at  one  extre- 
mity of  the  scale  of  nnisical  note<.  while 
il  is  perfectly  sen.silile  to  all  other  sounds. 

ClIAPTKR   Will.     Kr}niUitf">/i  ,./  Xo. 

tunif  P/i''ft<i>ti'f,fi—.  I.  Ji,ufif--n'  —  .*. 
Ihil'is  tin'i  Piirht  li  i  :\.  Ph  h  >f/t'  n  i  'f 
the  Mini^sf,  'r  I  'mi^u  i!  li'Jru'fi ./?  — 
4.  C'il'itirs  iif  Siitiir-il  Ji'iif/ w  .  - ',, 
(  \floii  rs  of  the  .  I  till-  >sph'  /•»  •  ''. .  f  n- 
Inurtd  ShiittirK^T.  ('ntn'i  r^in^  anil 

1.  ()n  ih''  li'iintinir.  -The  rainbow 
consists  of  two  biiws,  or  arches,  c\- 
jendcil  across  the  j)ar1  ot  the  sky  \\hich 
is  oiijxjsiti'  to  the  sun.  ami  irlowini^  \\\'.\\ 
all  the  colours  of  the  ])ri^inatii-  spt  e- 
trum.  The  principal  ram!»ow,  it  the 
innermost  of  tin*  Imtas,  which  is  moNt 
commonly  seen  by  itst-h,  is  part  (»f  a 
circle  uho*e  (liami'ter  is  .sj'\  ainj  is 
nothiiiLr  nu'ic  than  an  intiuile  ir-.miir 
of  pri'iUMtie  spectra  of  the  suii  ar- 
vanLred  in  the  eircuniteni'.ee  of  a  ci'vle; 
the  col'jurs  beini:  tl.j-  v.iy  same,  :'nd 
occupymLT  the  sanie  sp:u'>'  as  in  ihe 
spectrum  pr«ulueed  from  the  sun's  li^ht. 
The  rai  ra\s  ibini  the  uafi  rmast  ])oition, 
and  the  violet  i  ays  t he /////f/7//'..v/ portion 
ot  the  bow.  'J'he  \f'i',ifi(ftftf/,  or  exteinal 
bow,  is  nmch  fainter  th.ni  ihe  olln  r,  and 
has  the  violet  o>itenu«»st.  nnd  the  red 
innermost:  il.  is  part  uf  a  cndo  lUi^in 
diameter. 


As  this  interestini*  phenomenon  ii 
never  seen  unless  when  the  sun  is  sliin- 
inir,  and  when  rain  is  falluii:  between 
the  sjiectator  and  the  part  of  the  horizon 
where  tlie  bow  is  seen,  it  has  been  uni- 
versally ascriluHl  to  the  decompositicn 
of  the  white  liirlit  of  the  sun  by  the  re- 
fraction of  the  drops  of  rain,  and  their 
subsequent  reflexion  within  the  droj's; 
and  this  supposjtiim  is  sufficiently  pro vi  J 
by  th<'  faet,  that  rainbows  are  prodiKv.l 
by  the  spray  of  waterfalk,  .'md  may  le 
miwle  artitieiaily,  by  scatterin:;  water 
with  a  bru.s!i  or  syringe  when  the  sun 
is  shiniu;:. 

In  rnier  to  explain  the  ]^roductiv>n  if 
the  rainl)ow.  let  us  suppi.se  that  the 
observer,  placetl  at  !',//>.  4S, is  lookin:: 
throuLch  a  shower  nf  lai.i  a:  the  p.art  u. 
tlie  sky  .ippi»-i*eiothe  sun  wlien  he  is  free 
from  cliui.i^.  !.■■!  A  be  a  dr;  p  ot  r..in. 
and  S  11  a  lay  of  the  sun  tallii-u  uj-i  ri  tiiv 
upper  siile  o':  it.  A  K.  TI:o>e  r.:\s  v.hiiii 
pasr»  1hne.i-h  t'.a-  niitl  I!e  •>:  l!ie  d.r-.p  v.iJi 
fall  upon  il.  and  uwu  u\\  iraije  ui  liii* 
sun  in  llie  fi»cus  of  the  drop,  as  expl::i!a\l 
in  Chap.  iii.  p.  ■».  ar.d  therefore  we  i.-«'!i- 
bider  onl,  ihos^' which  fall  obliqueiv  on 
the  tln>p.  Some  of  the  ra\s  ei'tho 
beam  S  It  will  suffer  reflex'ion  «f  11, 
but  the  irrealer  number  will  ejUer  the 
drop,  and  suir-r  ief:ae-ii»n.  The  Niuk-t 
litrht  of  the  beam  wiil  !)e  refiaett.i  ill 
the  iliiection  K  /•.  ami  the  le.l  in  tic 
direction  il  r.  all  tiie  inifrme'.'ia*e  r*- 
lours  lyiu::  itl-ei-n  thise  two.  SoiiU' 
of  these  ra\s  ".  iH  p.is>  out  of  the  tlnn 
at  r  aiui  /■,  luij'i:  refrr.eled  a  s»ev-i!«l 
time:  but  miu-  of  them  can  reaeli  the 
eye  at  K.  Tliose,  l.oAevir.  whii-li  ^,.\Ut 
reflexion  at  /•  /•  will  retiu'n  iln-oiiu'ii  'lit' 
drop,  the  r.if  i;iy  K  r  i\\  the  dnee'.i.  ii 
r  r\  and  tlie  vioiit  ray  li  i-  in  !iu'  ui- 
H'ction  /'  r',  and  e\peruncinir  a  s^Torul 
refraction  at  the  points  r  r\  tlie\  wi.l 
issue  from  the  lirop.  and  proce^-d  i.t  ilu' 
eye  ot  the  »>!'s.  r\er  ;it  K  ;  wb.o  w  nl  thru 
see  all  the  luisniatic  colours  letwienr  K 
ami  v'  K  pnjicied  on  the  o])p«isi:e  s\>. 
Tlu)se  ilrops  Ml"  r..m  v. Ideh  are  ihrie'.\ 
between  the  obs»rser  K.  and  the  jMiiii'  el 
the  sk\  ojip«)s:te  ti»  the  sun,  will  i«»iin 
the  upper  pait  tf  the  colomed  auh: 
thosi'  (in-]!^  V. hieh  are  to  the  ri^h!  ha'.a 
o\'  the  oi.svr\t'r.  :uui  near  the  iinuml, 
wiil  form  the  ridit-hand  cxtremilx  «-i 
the  bow  :  and  tliose  to  the  left  liand  ef 
the  obseuer.  and  near  the  L'round.  will 
form  the  leO-hand  extremity  ot  the  l>ow. 
Drops  havini:  an  mttrmeiliate  pi.situm, 
and  an  intermediate  hciirht,  will  tor.u 
tile  intermediate  parts  of  tlie  bow.    1/ 


there  were  no  crounA  to  inlcrcept  the 
niin  and  the  vk>w  of  llu'  observer,  Ihe 
r;iinl)Ort-  would  I'lirni  a  tomplL-lc  tlrtle, 
the  ceiiire  of  which  it  diiinielricidly 
O|ii)o<ii1e  lo  the  Kun.  It  will  he  foimd, 
eiltiiT  liy  fiiU:iiliitiuii  nr  ])roji-Klioii,  thut 
tlte  iiHaiDHtiiin  of  the  red  riiy  r'  K  to 
the  violet  my  S  It  is  a-.w  2',  while  that 
of  the  violi't  my  r'  K  to  H  It  is  -iVll'; 
so  th^Lt  the  hreailtli  of  Ihe  rainbuw  in 
420  3'  _  4ijO  i;'  =,  |0  45',  „r  ^bout  3* 
limes  the  sun's  diiimelcr.  The  bow  tlius 
fbroied  it  called  the  primary  rainbow. 


it  IS  produecd  by  on 
Irrn  Tifrnrtioti/i  of  the  sun's  rays  by  the 
drops  ofmin. 

If  the  vnys  r'  E,  i-'  E  witb  to  ho  a. 
seeond  tiniL'  refli'cted  Ht  tlie  points  r* 
iiiid  w",  tlwy  woidd  siiif'ur  their  second 
relrncliun  a  little  hi'low  jt.  and  would 
entirely  e.sciipe  from  the  observer  at  E. 
Hut  thi)ui:h  this  is  the  c;i3c  with  rays 
S  It  that  enter  at  the  side  of  ttie  iIi-oii 
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furthest  from  E,  yet  it  is  otherwise  with  The  two  rainbows  are  shown  mjlji^.  50., 
tliose  tliat  enter  on  the  side  nearest  where  >'  r'  r'  is  tlie  red,  and  *♦'  t/  v'  the 
E,  as  shown  in  Jig.  49.  The  ray  S'H  violet  circle  of  the  first  bow;  andr  rr 
refracted  at  K,  aiid  siitt'erin:^  reflexion  the  red,  and  v  vv  the  violet  of  the  sc- 
at r,  V  and  r',  v\  will  onierire  at  r'',  t/',  condary  bow. 

and  i-each    the   eye   of   tlie    observer  If  we  suppose  the  rays  w'i/',r'r",y?^. 

at   E.     The  inclination   of  the  violet  49,  to  suffer  a  MiW  reflexion,  it  may  be 

ray  v  E,  to  S  R  will  now  be   54°  1  o',  shown  that  a  third  bow  will  l)e  formed, 

and  that   of  tiie  red  ray  50°  58';  and  but  it  will  l)e  between  the  observer  and 

hence  the    breadth    of    the    bow  will  thesun,  withadiamt-terof  bU0  4o',  and  it 

be  54»  10'  —  50O  58'  =  3°  12'.      This  will  be  formed  by  drops  of  rain  bettveen 

bow,  which  is  called  the  secondarif  rain-  the  observer  and  the  nun.  In  like  manner, 

b<}W^  will  be  without  the  ])rimar)'  one,  if  we  suppose  tlve  rays  to  be  four  times 

and  will  have  the  colours  reversed,  the  reflected  within  the  drop,  they  will  fomi 

violet  beinjj  uppermost  and  the  red  un-  a  fourth  bow,  whose  diameter  will  l)e 

dermost.    The  breadth  will  Ihj  nearly  91**  G'.    None  of  these  bows,  however, 

twice  as  preat  as  that  of  the  primary  have  been  seen ;  both  on  account  of  the 

l)ow ;  l)ut  its  li^ht  will  be  much  less  in-  faintness  of  the  lis:ht  which  fomis  them, 

tense,  in  conse(iuence  of  the  rays  by  and    from   the   circumstance  of    their 

which  it  is  formed  havintj  suffered  two  light  beini;  more  overpowerixl    by  the 

reflexions  within  the  drop,  the  effect  of  sun's  rays  than  if  they  were  opposite  to 

which  is  often  to  render  the  outer  bow  that   luminarv.      The   tollowiui;  Table 

invisible.  This  ttccundLiry  rainbou\  con-  shows  at  one  view  the  proportions  of 

sequently,  is  formed  l.>y  tico  rvjlexions  and  these  rainbows. 
two  refractions  of  tlie  drops  of  rain. 

No.  d' lUilcxioaa.  Mmii  LHAmetar  oT  the  Iloir  Pokitloci. 

Primary  Rainbow 1      82°  18' Opposite  the  Sun. 

S«'Condary  Rainbow 2     U)h^    8' ()ppo>ile  tlio  Sun. 

Teriinry  Rainbow 8     8lP  10' Rouml  iho  Sun. 

Quaternary  Rainbow 4     91®    C Rouml  the  Son. 

When  no  rain  is  fallinjt:^  between  the  primarycoloured  arches,  separated  by  an 
observer  at  l>,  and  the  part  of  the  sky  iu*ch  of  white  liu:ht.  Hence  in  ^^ummer, 
throuii:h  which  the  bow  passes,  apart  of  when  the  sun's  diameter  is  least,  the 
the  bow  will  Ik?  wantint^  at  that  place;  so  colours  of  the  rainbow  tu-e  more  con- 
that  portions  of  rainbows  are  frecpiently  densed  and  homoiifeneous  than  in  win- 
seen,  i)articularly  near  the  horizon.  ter ;  when,  from  the  size  of  his  disklk-in? 
When  the  prismatic  spectrum  is  a  maximum,  the  yellow  and  blue  wiU 
formed  from  a  very  nanow  pencil  of  be  more  copious.  If  a  rainbow  should 
light,  tlie  yrlluiv  and  blue  colours  dis-  api)ear  when  the  sun  is  eclipsed,  the 
appear  almost  wholly;  and  when  it  is  colours  of  the  bow  would  be  more  homo- 
formed  from  a  broad  disk  or  band  of  geneous  in  one  i)art  than  in  another, 
light,  whose  breadth  exceeds  the  angular  The  following  will  be  the  character  of 
separation  of  the  red  and  violet  rays,  the  the  i)rimary  rainbows  seen  in  the  ditfef- 
green  will  disappear,  and  tliere  w ill  be  two    rent  planets. 

Coluurt. 

MKiiClKV. — Reii,  orange,  vi-llow.  t/7*/7<»,  grcenisih  l)lui\  indigo,  violrt. 

Kartii.— Reil.  oranci',  ycil<.\v.  blue.  iii<ii;;o.  violet. 

Sati  UN. — Red,  orange,  gnen,  indigo,  and  violet. 
Within  the  primaiy  rainbow,  and  Lunar  rainbows  have  been  occasion- 
immediately  in  contact  with  it,  there  ally  seen  ;  but  they  differ  in  no  lespi-ct 
have  been  seen  what  are  called  A7/;;rr-  fvoni  those  formed  by  the  solar  r.i\s, 
numerary  rainbows,  each  of  thesel.uws  excepting  in  the  faintness  of  their  liglit. 
consisting  of  red  and  green.  On  the  In  the  autumn  of  lsI4  we  saw  in  a 
29th  July,  1813,  we  were  fortunate  den.se  fog,  near  Berne,  a  fog-bow,  which 
enough  to  see  four  of  these.  The  red  resembled  a  nebulous  arch,  in  which 
of  the  tirst  supernumerary  bow  was  in  the  separation  of  the  colom-s  could  not 
contact  with  the  violet  of"  the  primarv  be  distini^ui.shed. 
bow,  and  this  was  followed  by  green,  reJ,         2.  liulos  and  Parhelia. — A  halo  is  a 

Seen,  red,  green,  red,  gi-eeii,  red.     M.     circle,  (either  composed  of  while  light, 
icquemarre  observed  similar  su])emu-     or  consisting  of  the  prismatic  colours,) 
merary  rahibows  on  the  outside  of  the    which  is  occasionally  seen   round  the 
#m;»/itfr^  bow.    These  bows  have  not    sun  or  moon.  When  one  or  more  halos 
*>cea  satisfactorily  explained.  w^i  ^e^w  touud  Uie  sun,  they  are  gene 
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rally  accompanied  with  parhelia,'^  or 
mock  suns,  which  appear  at  the  places 
where  two  hales,  or  arches  of  luminous 
circles,  intersect  each  other. 

The  large  white  halo,  called  in  Scot- 
land a  brought  generally  appears  round 
the  moon  in  cold  weather,  when  the  sky 
is  of  an  uniform  misty  tint;  and  the 
prismatic  halos,  generally  called  coroncey 
which  are  seen  round  the  sun  and 
moon,  are  commonly  seen  in  fine  wea- 
ther, when  white,  thin,  fleecy  clouds 


float  in  the  atmosphere.  Owing  to  the 
dazzling  eifect  of  the  sun's  rays,  the 
halos  which  surround  his  disk  may  be 
seen  to  most  advantage  when  he  is 
seen  by  reflexion  in  a  pool  of  water. 

One  of  the  most  curious  and  best 
described  combinations  of  halos  and 
parhelia  was  observed  by  Hevelius,  at 
Dantzic,  on  Simday,  the  20th  February, 
1661,  New  Stile.  It  is  represented  m 
fig,  5 1 ,  and  has  been  thus  described  by 
Hevelius.* 


**  A  little  l)efore  eleven  o  clock,  the  sun 
being  towards  the  south,  and  the  sk) 
very  clear,  there  appeared  seven  suns 
toirethor,  in  several  circles,  some  white 
and  some  coloure<l ;  and  these  with  very 
long  tails,  waving  and  pointing  from  the 
true  sun,  toi^ether  with  certain  white 
arches  crossing  one  another.  1st.  The 
true  sun  at  A,  being  about  25°  high, 
was  surrounded  almost  entirely  by  a 
circle  whose  diameter  was  45°,  and 
which  was  coloured  like  the  rainbow, 
with  purple,  red,  and  yellow,  its  under 
limb  being  scarcely  2^0  above  the  hori- 
zon. 2d.  On  each  side  of  the  sun,  at  B 
and  C,  towards  the  west  and  east,  there 
appeared  two  mock  suns  coloured, 
esi)ecially  towards  the  sun,  with  very 
long  and  splendid  tails,  of  a  whitish  co- 
lour, tcmiinatintc  in  a  point.  3d.  A  far 
greater  circle,  Y  X  H  V  Z,  almost  OO© 
in  diameter,  encompassed  the  sun,  and 


the  former  lesser  circle,  G  B  I  C,  and 
extended  itself  down  to  the  horizon. 
It  was  very  strongly  coloured  in  its 
upper  part,  but  was  somewhat  duller  and 
fainter  on  each  side.  4th.  At  the  tops 
of  these  two  circles,  at  G  and  H,  were 
two  inverted  arches,  whose  common  cen- 
tre lay  in  the  zenith,  and  these  were 
very  bright  and  beautifiUly  coloured. 
The  diameter  of  the  lower  arch,  Q  G  R, 
was  90O,  and  that  of  the  upper  one, 
TH  S,  was  450.  In  the  middle  of  the 
lower  arch  at  G,  where  it  coincided  with 
the  circle  B  G  C,  there  appeared  another 
mock  sun ;  but  its  light  and  colours 
were  dull  and  faintish.  5th.  There  ap- 
peared a  circle,  B  C  E  F  D,  much  bigger 
than  the  former,  of  an  uniform  whitish 
colour,  parallel  to  the  horizon,  at  the 
distance  of  25°,  and  13(>o  in  diameter, 
which  arose,  as  it  weie,  from  the  colla- 
teral mock  suns  B  'A-w^J.  C  ,  «xs!\  ^^Jk&^<i^ 


•  From  two  Onek  wvrds  $ignify'wg  near  the  Swu         •  AppmAVx  \o  V\»  M«rc«n«t  \tk  So\«  V \»^x\.V»v. 
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through  three  other  parhelia,  of  an  uni-  globe,  to  be  viewed  by  the  eye  on  the 

form  whitish  colour,  like  silver :  one  at  outside  of  it.    For  by  this  means  every 

D,  almost  90<>  from  the  true  sun,  towards  thing  is  represented  much  clearer  and 

the  east;    another  at  E,  towards  the  distincter.     Nevertheless,  the  place  of 

west ;  and  a  third  at  F,  in  the  north,  the  observer  was  nearly  under  the  ae- 

diametrically  opposite  to  the  true  sun,  nith  within  the  circle,  parallel  to  the 

all  of  the  same  colour  and  brightness,  horizon ;  so  that  the  tnie  sun  appeared 

There  passed  also  two  other  white  arches,  to  him  in  the  meridian,  the  mock  sun  F 

E  N,  D  P,  of  the  greatest  circle  of  the  in  the  north,  and  the  other  two  at  D 

sphere,  through  the  eastern  and  western  and  E  on  each  hand.     But  if  you  desire 

mock  suns  £,  D,  and  also  through  K,  to  have  this  extraordinary  phenomenon 

the   pole   of  the  ecliptic.     They    went  represented  a  little  plainer;  upon  an  ar- 

down  to  the  horizon  at  N  and  P,  cross-  titicial  i::lobe,  whose  pole  is  elevated  to 

ing  the  great  white  circle  obliquely,  so  our  latitude  at  Dantzic,  with  the  centre 

as  to  make  a  white  cross  at  each  par-  A  in  the  2d  degree  of  Pisces,  where  the 

helion;  so  that  seven  suns  appeared  very  sun  then  was,  and  ^^ith  a  semidiameter 

plain  at  the  same  time ;  and  if  I  coidd  of    22^    deL^ces,    describe    the    circle 

have  seen  tlie  phenomenon  sooner  from  G  B  I  (J  ;  2.  and  then  llie  circle  Y  X  H 

an  eminence,  I  do  not  question  but  I  Y  Z,  with  a  radius  of  -15  degrees ;    3. 

should  have  found  two  more  at  H  and  I,  and   with  the  same  cenire   and  semi- 

which  would  have  made  nine  in  all;  for  diameter  of  DO  di-ij^rees,  draw  the  circle 

there  remained  in  those  places  such  marks  N  Ji  K  D  P  throuirh  the  two  white  mock 

as  made  this  suspicion  not  improbable.  suns    l\  1);   4.    jind  with  a   semidia- 

"  This  most  delightful  and  extraonli-  meter  of  22.J,  the  zenitli  being  the  centre, 

naiy  sight  lasted  from  30  minutes  past  10  draw  the  arch  I  IIS;  5.  and  also  the 

to  51  minutes  past  11  ;  though  it  hiul  not  arch  Q  G  K,  Nvith  a  radius  of  90  degrees, 

the  same  api>earance  all  that  while,  but  upon  the  same  centre ;  fj.  and,  lastly, 

sometimes  one  and  sometimes  another,  the  circle  BEFDC    parallel    to    the 

It  appeared  in  the  perfection  of  this  de-  horizon,  with  a  radius  of  lio  decrees, 

scription  at  about  11  o'clock,  and  then  And  the  draught  beinir  linished  in  this 

degenerated  by  degrees.     The  northern  manner,  will  ai)pear  \ery  beautiful  and 

mock  sun   at    F  vanished  ilrst  of   all,  harmonious." 

together  with  a  part  of  its  circle;  the         In  the    drawinix    of   tliis    phenomc- 

other  parhelia,  with  their  arclies,  la*^ted  non,  the  hnlos   are  rej^resented   as   cir- 

till  10  minutes  past  11  ;  then  the  eastern  eles,  \vith  the  sun  in  their  centre;    hut 

mock  sun,  and  at^er  that  the  western,  they  are  in  jreneral    of  an  oval    form, 

vanished,  with  both  the  crosses.     Soon  wider  below  than  alu)vo.  and  havinsr  tlie 

after  this  the  collateral  parheHa  C,  D  sun  nearer  their  npj)er  than  theii-  lower 

suffered  sevcndchanires;  sometimes  one  extremity.     This  is  an  optical  illusion, 

was   briichter  than  the  other,  in   light  dependini^  on  the  apparent  tijrurc  of  the 

and  colours,  and  sometimes  fainter  and  sky.     When  the  halo  touches  the  hori- 

darker.     For  at  18  minutes  past  10  the  zoii,  its  api)arent  vertical  diameter  has 

eastern  parhelion  at  (J  vanished,  while  been  estimated  by  Dr.  Smith  as  dividwl 

the  western   parheHon  at    B  remained  by  the  moon  in  the  i)roportioiu)f  about 

very  conspicuous;    and  at  21   minutes  two  to  three,  or  four,  and  is  to  the  hori- 

pasl  1 1  tlie  eastern  one  was  veiy  blight  zcmtal  diameter  drawn  through  the  moon 

again,  and  remained  so,  while  the  west-  as  four  to  three  nearly. 
em  one  disappeared  at  40  minutes  ])ast         A  halo  of  a  ditlrrent  kind,  and  cxhi- 

II;  ahhough  tliis  western  one  had  al-  bitinir   all   the  juisniatic   colours,   was 

most  always  the  longer  tail.     For  the  observed  by  Mr.  lluyirens  on  the  Kith 

tip  of  it  was  frequently  extended  for  30  of    May,   l"():)2.      **  *1   observed,*'   says 

degrees,  and  sometimes  iM),  as  far  as  the  he,    "  a  circle   about   the    sun   as   its 

parhelion  K  ;  but  the  tail  of  the  eastern  centre :  its  diameter  was  about  46 ',  and 

one  C  was  scarcely  above  20  degrees,  its  breadth  the  same  as  tliat  of  a  com- 

At  30  minutes  past  11  the  great  ver-  mon  rainbow,     ll   had  also  the   same 

tical  circle,  Y  X  H  V  Z,  was  destroyed  ;  colours,  thoujrh  very  weak,  and  scarcely 

but  the  inverted  arches  H  and  G,  to-  discernible,  but  in  a'coutrary  order ;  the 

get  her  with  the   collateral  parhelia  B  red  being  next  the  sun,  and  the  blue 

and  0,  continued  to  the  last.  being  veiy  dilute  and  whitish.     All  the 

"  The  figure  of  this  phenomenon  is  space  within  the  circle  was  possessed  by 

drawn  in  the  same  manner  as  the  con-  a  vapour  duller  than  the  rest  of  the  air ; 

MteJJationa  are  drawn  upon  an  artificial  of  such  a  texture  as  to  obscure  the  sky 
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with  a  sort  of  continued  cloud,  but  so  which  oonsfsts  of  flat,  octohedral  cry- 
thin  that  the  colour  of  the  blue  sky  stals  scarcely  visible  to  the  eye.  When 
appeared  throui^ch  it.  The  wind  blew  this  plate  is  held  between  the  sun  or  any 
very  ijenlly  from  the  north."*  other  luminous  body  and  the  observer 

Our  limits  will  not  permit  us  to  give  whose  eye  must  he  kept  close  behind  the 
any  farther  descnption  of  individual  smooth  side  of  the  class  plate,  he  will 
halos ;  but  the  intpiirini^  reader  will  see  three  fine  halos  encircliniij  the  lu- 
have  his  curiosity  amply  i^ratified  by  minous  ])ody  at  different  distani-es.  The 
consulting  the  article  Ilah,  in  the  innermost  halo,  which  is  the  whitest,  is 
Edinburfrh  Ennjclirpcedia,  vol.  x.  p.  formed  by  the  relVaction  of  the  rays  of 
612  ;  and  he  will  find  in  the  accounts  the  sun  through  the  pair  effaces  of  the 
of  the  recent  voyages  of  ('apt  ains  Ross,  octohedral  crj'stuls  which  are  least 
Parry,  and  Scori'sby,  descriptions  of  inclined  to  each  other.  The  second 
several  which  have  been  observed  since  Aa/o,  which  is  more  coloured,  having 
tlie  publication  of  the  above  article.  the  j)lue  rings  outwards,  is  formed  by 

The  explanations  which  have  hitherto  refraction  through  a  ])air  of  faces  more 
been  given  of  this  class  of  phenomena,  inclined  to  each  other ;  and  the  tfiird 
are  by  no  means  so  satisfactory  as  halo,  which  is  very  large  and  highly 
miirht  have  been  expected  in  the  pre-  coloured,  is  formed  by  a  pair  of  faces 
gent  improved  state  of  optical  science,  constituting  a  prism,  with  a  still  greater 
It  seems,  however,  to  be  satisfactorily  refracting  angle.  Now  each  individual 
proved,  that  they  owe  their  origin  to  crystal  of  the  alum  forms,  by  means  of 
the  crystals  of  ice  and  snow  floating  in  three  of  the  similar  prisms  which  it 
the  atmosphere,  and  in  some  cases  to  the  includes,  three  images  of  the  sun,  placed 
actionofdropsofrainofdiffercntsi7.es.    at  points  V1(P  distant  from  one   ano- 

That  crystals  of  ice  do  float  in  the  Uier,  and  in  the  circumference  of  a 
atmosphere  is  well  established.  Sir  circle  of  which  the  sun  is  the  centre; 
Charles  Giescckc,  who  lived  seven  years  and  as  the  numerous  minute  crystals 
in  Greenland,  describes  this  phenomenon  with  which  the  plate  of  glass  is  covered, 
in  the  following  words :  "Previous  to  have  their  refracting  faces  turned  in 
that  operation  of  nature,  {viz,  the  freea-  every  possible  dnection,  the  whole  cir- 
ing  of  the  seaj  the  sea  smokes  like  cumference  of  each  halo  will  be  filled 
burning  turf-land,  and  a  foij:  or  mist  up  as  it  were  with  images.  Similar 
arises,  called /ro.v/ AV7/o/f<'.  This  cutting  effects  may  be  obtained  with  other 
mist  Irequently  raises  blisters  on  the  crjstals;  and  when  they  have  the  pro- 
face  and  hands,  and  is  veiy  pernicious  perty  of  double  refraction,  (which  alum 
to  the  health.  It  appears  to  consist  of  has  not,)  each  halo  will  ])e  either 
small  particles  of  ice,  and  produces  the  doubled  when  the  double  refraction  is 
sensation  of  needles  pricking  the  skin.*'1    considerable,  or  rendei  ed  broader  when 

The  existence  of  such  cry  stals  in  the    the  double  refraction  is  snudl. 
arctic  rejjions  being  thus  proved,  there        Having  thus  shown   how  circles  of 
can  be  little  doubt  that  tney  occur  in    ligbt  may  be  formed  by  viewing  a  lu- 
the  upper  part  of  our  own  atmosphere,    minous    body    through   a  numi)er    of 
where  the  cold  is  sufficient  to  freeze  the    minute  crj-stals,  we  shall  proceed   to 
water}' particles  of  which  the  clouds  and    give    a    brief   sketch    of   the   leading 
vapoiu-s  are  composed.    That  a  number    opinions  which  have  been  entertained 
of  transparent  crystals  placed  between    respecting  the  cause  of  halos. 
the  eye  and  a  luminous  body,  will  pro-        Although  Descaiies  had  stated  that 
duce   halos    round    that   body,   whose     .alos  were  produced  by  crystals  of  ice, 
diameters  will  depend  on  the  refractive    yet  itwas  II  uygens  who  first  investigated 
power,  and  the  refracting  of  the  crystals,    the    form  oi    the   crystals,   or   rather 
may  be  proved  by  the  following  ex-    masses  of  hail,  which  was  necessary  to 
periment,  described  by  Dr.  l?rewster  in    produce  the  ol)ser\ed  phenomena.     He 
the   article  Curiosities   of  Science,  in    supposes  that  there  are  globular  par- 
the  Edinburgh  Ettcychpudia,  vol.  xvii.    ticles   of  hail  not  larger  than  turnip 
p.  *590.     If  we  spread  a  few  drops  of  a    seed,   the   outer  portion   of    which   is 
saturated  solution  of  alum  over  a  plate    melted  and  in  the  state  of  water,  while 
of  ^lass,  it  will  quickly  crystallize,  co-    the  inner  part  or  kernel  is  opacpie  like 
venng  the  glass  with  an  imperfect  crust,    snow.    These  globules,  he  thinks,  were 

first  globules  of  sofl  snow,  which  are 

•  Htijcenii  Opera  Pii«MiiJ»<i,p.  3fi6.  rouuded  by  a  continual  agitation  in  tha 

*^"«!!,  7.  w:»"«  "^      '^      air.  and  Uiavicd  otv\iv%txx\»ii»>iyi'5s* 
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heat  of  the  sun.    He  then  shows,  by  pnsm,  upon  a  second  prism,  so  thai 

calculrition,  that  whoii  the  shadows  of  the  effect  will  be  doubled,  and  a  halool 

the  irlohule  is  to  the    radius  of  the  90°  produced.    Mr.  Cavendish  has  siisr- 

opaque  kumel  or  nucleus,  as  1000  to  ^sted,  that  this  large  halo  may  lie 

480,  a  halo  4.')^  in  diameter  will  be  pro-  produced  by  the  refraction  of  the  red- 

ducod;  and  that  when  the  proportion  of  an^lar   termination  of   the    ci^stals. 

the  same  radii  is  as  1000  to  fiSO,  a  halo  which  would  pfive  a  halo  of  90^  28'.  if 

of  *kP  in  diametor  will  be  produced.  the  index  of  refraction  for  ice  l)e  l.^I.* 

In  onler  to  explain  the  more  complex        3,  Phenomena    of    the    Mirof^c,  '>r 

phenomena,  similar  to  that  shown  in  unusual  refraction, — Tlie  elevatiou  of 

fiv.  51,  Iluyijcns  resorts  to  half  thawed  coasts,  ships,   and    mountains   above 

cylinders    of   snow,   difterinij  only  in  their  usual  level,  when  seen  in  the  di<- 

fiinn  from  the  ixlobulcs  above  described,  tant  horizon,  has  been  long  known  and 

He   eonsuh-rs   the   larjje  white   circle,  described  under  the  name  of /xKw»>/jr. 

B  K  F  1)  (.-,  {Jl^.  51.)  as  formed  by  the  Tlie  name  of  Mirage  has  been  k[)\AwA 

reilection  of  tlu^  sun's  rays  from  the  by  the  French  to  the  same  class  of 

outer  surface  of  these  cylinders,  which  phenomena;    and   the  appellation   ctt' 

he  siip])0ses  to  have  an  upright  posi-  Fata  Morgana  lias  been  given  by  tlie 

Xvm.    The  lateral  paihelia,  B,  0,   he  Italians    to  the   sincridsu-  appear'anas 

ascribes  to  two  refractions  of  the  sun's  of  the  same  kind  which  liave  l>een  iv- 

lijit    throuixh    the    watery    cylinder,  peat edly  seen  in  the  straits  of  Messinn. 

n»icl  ho  regards  the  lialos  which  pass  When  the  rising  sun  throws  his  rjns 

tlirouirh  the  ])arhelia  as  produced  by  at  an   anjjle    of  45"  on    the   sta  i-f 

the  round  ends  of  the  upriu:ht  cylinders.  Regcrio,  and  neither  wind  nor  rain  ru!"f 

]  [e  considers  the  inv(*rted  arches  T  H  S,  the  smooth  surface  of  the  water  in  t'le 

(J  G  11,  as  i)roduced  liy  two  refractions  bay,  the  spectator  on  an  eminence  in 

in    those     cylinders  whose    axes    are  the  city,  wno  places  his  back  to  the  sun 

parallel  to  the  i)lane  of  the  horizon  and  his  face  to  the  sea,  obsenes,  as  it 

thouijh  not  to  one  another ;  the  parhe-  were  upon  its  surface,  numberless  si-rii'J 

lia  which  appear  in  the  middle  of  these  of  pilasters,  arches,  and  castles,  dis- 

arches  beins:  nothing    else    than    the  tinctly    delineated;    regular    columns 

briLditest  ])arts  of  them.  lofty  towers,  superb  palaces  with  l-;.!- 

Tlie  subject  of  halos  occupied  like-  conies  and  windows ;  extended  vaill■^^ 

>\ise  the  attention  of  Sir  Isaac  Newton,  of  trees,  delightful  plains   with  hor«is 

He  considers  the  halo  of  45^  in  diame-  and  flocks  ;  armies  of  men  on  foot  xwA 

ter  as  different  from  the  smaller  pris-  horseback,    and    many   other    stn>r.'.T 

matic  ones,  and  as  "  made  by  refraction  fii^ui-es,   in  their  natural  colours  an.l 

in  some  sort  of  hail  or  snow  floating  in  proper  actions,  passinti:  one  another  in 

the  air  in  an  horizojital  posture,  the  re-  rapid  succession.     When  vapours  aui 

fiactinc:  ande  bemir  about  58^  or  60"."  dense  exhalations,  risuig  to  the  lit;:;;i! 

Sir  Isaac  explains  the  small  prismatic  of  about  twenty  feet,   accompany  ihv 

halos  by  the  fits  of  easy  reflexion  and  state  of  the  atmosphere  above  desc'riln-1, 

transmission  in  small  (h-ops  of  water,  then  the  same  objects  are  seen  deiMitt-d 

and  he  concludes  that  the  rinijs  will  be  as  it  were  in  the  vapour  and  susperaicJ 

greater  or  less  according  as  the  globules  in  the  air,  thouirh  with  less  distinctnos 

are  irreater  or  smaller.  than  before.    If  the  air  be  slightly  liuzv 

M.  Mariotte  and  Dr.  Young  ascribe  and  at^  the  same  time  dewy  and  filti-d 
halos  to  two  refractions  of  cipiiiateral  to  form  the  rainbow,  the  above-nun- 
lu-isms  of  snow  havin£c  angles  of  G0%  a  tioned  objects  appear  only  at  the  Mir 
supposition  which  is  the  more  probable,  face  of  the  sea,  but  they' are  all  1  hl- 
as  ice  actually  crystallizes  in  six-sided  liantly  fringed  with  the  prismatic  co- 
prisms.    Mariotte,  indeed, observed. that  lours.      This  description  of  the  Fata 
the  fdaments  of  hoar  frost  had  three  Morgana,  given  by  Antonio  Minasi  >o 
enual    faces,   and  exhibited    rainbows  recently  as   1793,  is  no  doubt  a  little 
when  placetl  in  the  sun ;   and  he  calcu-  overcharged,  but  there  can  be  no  hesi- 
lated  thai  they  would  i)roduce  a  halo  tation  in  believing  that  the  objects  nnd 
whose  diameter  was  45'^  40',  which  is  movements  which  existed  on  the  opiH)- 
ver}'  near  40"^  50',  the  mean  of  five  ac-  site  coast,  were  occasionally  displayeil  in 
curate   observations.     Dr.  Yoiing  ac-  all  the  grandeur  of  aerial  representation.  *, 

counts  for  the  hah*  of  OU^  by  su])posing  '• -   ' 

thai  a  considerable  povliou  ol  \\\e  \\v;\\\.  ,  *  Siwvll'^^'l.^''  "JH"'-  T ^^*irJ"""*'  '""'''*'>• 

may  /ai4  aircr    passing   lurougu  oiv^  \Y\t<yML\>XxcM\MM^^v.vtv«\^i^«AHn^  >&v««\twc* 
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The  phennmonfi  of  the  Mirage  arc  finwl.  Tlie  sea  was  distinefly  seen  bo- 
most  lri-ciiii'nl!y  sttn  in  Uw  t-nsi-  of  hvecn  tlK-m.  as  ii1  cjc.  As  the  ship  riiic 
ships  when  Ihcv  iiri'  just  l>i-;.'iiininir  to  to  tlio  homnii  llii;  imni?-  C  i.'raihinlly 
Hiipt'nr  aliivvc  liii'  \isjlilu  Imriioii,  Mr.  (li'iapiii'iin'il,  and  whili'  lliis  wmt  iroiiiif 
Iludilart.  Dr.VinTO,  iinil  Capt.  Scoresliy,  mi  tlH'  iniair<>  H  ilf«^c-i-iideil,lml  the  liiain- 
ha\-c  ilcwribed  Viirioiis  aiipwininti*  of  miist  of  B  did  not  nici't  1lic  iiiaiiiinast 
thi:i  kind,  of  wliich  tile  following  are  the  of  A.  Tlio  Iho  im;n.'i-»  II,  (J  were  pcr- 
fflust  interesting.  frt-lly  visihki  when  tin-  wliolu  ship  nu 
On  the  1st  of  actniillv  Uelow  the  lioriimi, 
52.  Aii^-iKl,  l-iiH,  Wliile  iiaviiiatini;  the  CrmTilaml  sea 
Dr.  \iru-e  oh-  on  llir  !2Slh  of  .Iiiiif,  IdL'il,  IJapUin 
seni-ed atHnnis-  Scuie-iliy  oljsened  id'oiit  eiulileen  oi 
K<i!e.  a  Nhip  iiiiietci'n  «uil  of  ships  lit  the  distance  a> 
vvliich  ii]ipenr-  from  ten  to  fifteen  mile*:.  Ife  sanr  lliem 
el  as  at  h.ffis-  fi'oinlhemust-heail.W-iciDninittoehniu^s 
,.iJ.i.  Iho  top-  their  lorm.  Oiie  was  drawn  out,  or 
nia^l  iH'inir  Inc  ehmtrated,  in  a  verlieal  plane;  another 
only  part  of  it  n.is  i-onlraeted  in  Ihe  same  ilireetion: 
1liai.  was  seen  one  1i:id  an  inviTli'd  imni;e  iiumittiafely 
aliino  11...  ho-  ahovc  it,  as  nt  a.  (fitr-  S3.).  i.Tid  two, 
ri^oii.  All  in-  at  /;  and  r,  had  Iwii  distinct  inverted 
vi-rliil  ini.iEe  of  inin!:;es  in  Ihu  .lir:  iilon^  with  theKe 
it  was  Kii'n  at  imaffi'S  thiTC  appeared  images  of  (he  ico, 
])  iinniediaiely  as  at  h  and  e,  m  two  strata,  the  hiaWt 
almve  the  ri-al  of  whithhad  an  altiltide  of  alioiil  I.V. 
ship  A,  and  an  In  a  lati-r  voyni^e,  perrormed  in  IS-J3, 
eri'el  imai;e  at  Capl.  Scon-sliy  was  abletoreeOKniseliis 
ClKilliofthein  fatlur's  ship,  when  biiiir  thr  hirisiiH, 
bi'inj;  complete  from  Iho  inverterl  iniai^e  of  it  whieli 
and     well    de-  a{i))eared  in  Ihe  air.   "  It  was,"  says  he. 


"so  well  defined,  that  1  eon  Id  dislinimish 
ly  n  teleseopc  every  sail,  the  cmei-al 
'  riy  of  the  ship,"  'and  its  parlieular 
chnraoter;  insomneh,  thai  Iconlidenlly 
pronounced  it  to  l)C  my  fathers  ship, 
the  Fatac,  whieh  il  allmvanis  jmived 
to  be ;  thouRli  in  tompnrin^  notes  with 
mv  father,  I  found  tliat  our  relative  po- 
■iiion,  at  the  lime,  save  onr  dislancc 
from  one  another  \vt\  nenrlv  -id  miles, 
being  about  17  miles  lK>yon<i  Ihe  hori- 
ion,nndsomeli'aoie«htTiindthelinnlof 
<Urvct  vision.  I  was  so  siniek  by  the  p«u- 
liarity  of  the  eircumslanei',  lliat  !  men- 
tioned il  to  the  offiiiT  of  the  wateli.  sla- 
ting my  full  convicliimlliaftliei-'tiw  was 
then  cruisinf;  iuihe  neii;hbonrini;  inlet." 
One  of  the  most  curious  plieiiouuna 


of  this  kind  was  seen  by  Dr.  Vinee  on 
Hie  filh  of  AiiLiist.  li^iir..  af  7  P.  >i.  To 
anol.serveralKiini'iKiile.  tlielopsiifHie 
four  turrets  of  Doser  eivsili-  an.'  "sii- 
allyseeii  ovi-r  a  hill  U'lwiin  K.ams- 
ealc  and  Dovit.  Dr.  Viiice,  liowi-ver, 
when  at  Bnmsrrate,  saw  fhe  trhola 
of  D'^-r  eiii'tl'-  as  if  it  had  In-en 
brmiL.'ht  over  auil  plaeed  ou  the  liama- 
Ride  siile  of  llie  hill.  The  iniaire  of  Iho 
castle  was  so  ven'  "itroiik'  anil  well  de- 
fineil.  Ihal  tlii.i  hiil  itsi'lf  did  not  ajipear 
throuirb  the  imaire. 

In  Ihe  sandy  plains  of  liirjiit  Ihe  Mi- 
rai«|  is  seen  to  Kri'al  adv;in!ai;e;  These 
plain*  are  ollen  inli'mipted  by  t^raall 
eminences,  upon  w  llie  1 1  the  inhal'ilanta 
have  built  their  vilU^w,  vft.  vs^Qikx  \>i 
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egcapetheinundationioftheNile.  Intbe  iilftndsiiitgreatlake,aikibet«fceD«idi 

morning  and  evening  objects  are  seen  in  village  an  inverted  image  of  it  is  seen. 
their  natural  form  and  position,  but  when       Our  limits  will  not  permit  us  to  pn 

the   surface  of  the  sandy  ground  is  any  farther  examples  of  these  oiinous 

heated  by  the  sun,  the  land  seems  ter-  phenomena.    We  shall,  therefore,  at- 

qiinated  at  a  particular  distance  by  a  tempt  to  give  a  popular  explanation  of 

general  inundation ;  the  villages  which  their  cause, 
are  beyond   it  appear  like  so    many 


Fig.U 


Let  S  H  (fig.  54.)  be  a  ship  in  the 
horizon,  and  visU)lc  to  the  eye  at  E,  by 
rays  S  E,  H  E  prococdini;  in  straight 
lines  to  E,  thronirli  a  tract  of  the  atmo- 
sphere in  its  usual  state. •  If  we  sup- 
pose, what  is  known  to  be  sometimes 
the  case,  that  the  refractive  power  of 
the  atmosphere,  or  air.  above  tlie  line 
8  a  E  varies,  so  as  to  ])e  less  at  c  than 
at  a,  then  rays  S  r/,  II  c  proct»eding 
upwards  from  the  shi]>,  and  that  never 
could  in  the  ordinaiy  state  of  the  air 
reaoh  the  eye  at  E,  will  be  retracted 
into  cur\'e  lines  11  c,  S  rf ;  and  if  the 
variation  of  refractive  power  is  such, 
that  these  last  rays  cross  each  other  atir, 
then  the  ray  8  rf.  ni  place  of  beinp  tlie  up- 
permost, will  now  be  the  undermost,  and, 
conseoucntly,  will  enter  the  eye  as  if  it 
came  rrom  the  lower  end  of  the  <»bji*ct. 

If  we  now  draw  lines  E  «,  E  A  tan- 
gents to  these  cur\'e  lines  at  E,  these 
lines  will  be  the  dirwtitm  in  which  the 
ship  will  be  seen  by  the  rays  II  r,  S  rf, 
and  the  observer  at  E  will  sec  an  in- 
verted imaire  s  h  of  the  ship  8 II  consi- 
derably elevated  above  the  horizon. 
Tlie  refractive  power  of  the  air  still  con- 
tinuins:  to  diminish,  other  rays,  H  m, 

•  WV  (!•>  lint  hi-re  codm  Jur  thiit  rajs  of  light  mov- 
infc  throagh  the  Mtiiinhphf  re  are  bent  into  curve  line* 
when  tht*  BiTnonphere  is  in  it*  asnal  state :  bee«axf» 
the  effect  in  very  vmaill.  and  the  coakideration  of  it 
wodU  tend  on]/  to  maka  tha  praaant  ezplaastHMi 
mmtomsHnu 


H  fi,  that  never  could  reach  the  eye  at 
E  in  the  onlinary  state  of  the  atmo- 
sphere, may  likewise  l)e  bent  into 
curves  whieh  will  not  cross  each  other 
before  they  reach  the  eye  at  E.  In  this 
case,  the  tani^ent  E  s'  to  the  upper  cun'c 
8  /I  E  will  be  upi^jmiost,  and  the  tansrent 
E  /*'  to  the  lower  curve  S  m  E  lower- 
most, so  that  the  observer  at  E  will  see 
an  erect  inia>re  9'  h'  of  the  ship  above 
tlie  inverted  iniaije.  It  is  possible  that 
a  third,  and  even  a  fourtli  image  may 
he  seen. 

If  the  variation  of  refractive  power 
takes  place  only  in  the  tract  of  air 
throujrh  whicli  the  rays  H  r,  S  cf  pass, 
then  there  may  only  be  an  inverted 
imasre  ;  and  if  it  takes  place  only  in  the 
tract  throuirh  whieh  H  m,  8  /t  jiass, 
there  may  tjuly  Iw  an  erect  ima^e.  It 
is  also  obvious,  that  if  the  variation  of 
refractive  })ower  commences  at  the  line 
joining  the  eye  and  the  horizon,  the  ordi- 
nary' imaire  S  H  will  not  be  seen  ;  and, 
in  like  manner,  it  is  clear  that  the  in- 
verted and  erect  imatrcs  *  h,  s'fi'  may  be 
seen  even  if  the  real  ship  8  H  is  below 
the  visible  liorizon. 

In  the  case  of  Dover  castle,  the  rays 
from  the  top  and  bottom  of  the  castle 
passed  above  the  hill  in  cur\e  lines, 
and  the  top  of  the  hill  was  seen  by  the 
observer  at  Ramsgate,  by  means  of  a 
curved    ray  which  reached   the   eye 
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between  the  rayi  of  the  top  and  bottom  sists  in  holding  a  heated  iron  abovo  a 

of  the  castle.  mass  of   water  bounded    by  paralli'l 

Tliat  the  phenomena  of  the  Miracre  plates  of  ghi*;s :   as  thi^  heat   dosccmls 

are  produced  by  such  variations  in  the  slowly  throut^h   the  fluid,  we   Iia>e  a 

refractive  power  of  the  atmosjihere  as  rejfjular  variation  «)f  density  wliich  i^ra- 

we    have  mentioned,   may  ha  jn-oved  du:Uly  dinnnishi's   iVom  ihe  IjottDin  to 

by  actual  experiment :   All  the  ])lieno-  th(^  surface.     If  we  now  withdraw  tiie 

mcna  may  be  represented  artitieially  to  heated  iron,  and  \n\\  a  cold  body  in  its 

the  eye,  :ind  we   may  even  venture  to  place,  or  even  allow  the  air  to  act* alone, 

preflict  new^  phenomena  which  have  not  the   snj)erl*UM;»l   stnilum   ol   water  will 

yet  heen  witnessed.     If  the  variation  of  i^ive   out   its   heat,  so  as  to  produce  a 

the  reli'active  power  of  the  air  takes  dcen-ase  of  diMisily  fn)m  the  surface  to 

place  in  a  horizontal  line  peii)er.dieular  a  certain  (U'pth  Imlow  it.     Throuirh  the 

to  the  line  of  vision,  that  is,  from  riirht,  medium  thus  constitutid,  the  I'hcno- 

to  left,  then  we  may  have  a  lateral  Ali-  mena  of  the  Mirage  may  be  seen  in  the 

rajre,  that   is,  an   imaire  of  a  ship  may  finest  manner, 

be  seen  on  the  ritjht  or  left  hand  of  the        We  have  no  doubt  that  some  of  the 

real  siiip,  or  on  lioth,  if  the  variation  of  facts  ascrihcd   in   the  Wcslern  Iliirh- 

refractive  power  is  the  same  on  each  lamls   of    Scotland    lo   second    siixht, 

side   of  the  line   of  vision.*     If  there  liave  be^-n  owiu«r  to  tiu?  unusual  rcfrae- 

bhuuld  happen  at  the  same  time  both  tion   of  the  atmosphere,  and  that   the 

a  vertical  and  a  lateral  variation  of  re-  same  cause  will  e\|»l!:in  some  of  those 

Tractive  power  in   the   air,  and   if  the  wonders  which    sceptics   discredit,  and 

variation  sh(»uld  be  such  as  to  expand  which    suj)crstitii)ns    minds     at'ribute 

or  eloni^ate  the  oi)ject   hi  both  direc-  to    suj)e! natural   causes.     The   beaccm 

tions,  then  the  object  would  be  mn^ni-  kee]}cr  of  the  Isle  of  France,  who  saw 

//«/.    as  if    Si'cn   through   a   telescojie,  ships  hi  the  air  before  they  rose  above 

and  mii^lit.  be   seen  luul  recoi^nised  at  a  the\isibli'  hurizDU,  may  now  n-cover  his 

distance  at  which  it  would  not  other-  irood  chaiacter  in  the  e\es  of  the  former, 

wise  have  been  visible.     If  the  refract-  uhile  the  latter  may  cease  to  rej^ard  him 

ive  power, on  th(^  contrary,  xaried,  so  as  as  a  iiiaL::cia!i. 

to  contract  the  object  in  both  directions,        4.   O//  l/o'  Cnlnurs  af  Sat iiral  Bodies. 

tile  iniai^!  of  it  wouKl  be  (hminislied  as  — There  are  tiw  uf  the  applications  of 

if  seen  throui^di  a  concave  lens.  s-cience  to  ex])l;iin  natural  i)henomena 

In  order  to  represent  artificially  the  so  extremely  simple,  and  at  the  same 
effects  of  the  Miraire,  Dr.  Wollast(m  time  so  beauliful,  as  that  of  the  co- 
views  an  object  Ihrouirh  a  stratum  of. sjarit  lours  of  thin  ])!ates,  to  account  for  all 
of  wine  lyinir  above  water,  or  a  stratum  that  Niuiely  of  splendid  lints,  which 
of  water  laid  above  one  of  syrup.  These  colour  the  animal,  the  mineral,  and  the 
substances,  by  their  irradual  incorpora-  vep'tMble  kinmlom.  To  Sir  Isaac  New- 
tion,  produce  a  refractive  j)ower  dimi-  ton  we  o\m?  this  explanation:  and  we 
nishin^  from  the  sjiirit  of  wine  to  the  have  no  hesitation  in  sa}inj(,  that  none 
water ^  or  from  the  Mjrup  to  the  water  ;  of  his  discoveries  exhibit  more  penetra- 
so  tliat,  by  lookini<  throuL'h  the  mixed,  tion  and  sairacity. 
or  the  intennediate  stratmn  at  a  word  The  colours  of  bodies  may  be  deduced 
or  object  held  behiml  the  bottle  which  from  those  of  thin  plates,  as  expiaiiud 
contains  the  fluids,  an  iuM-rtiil  image  in  ('haj).  \iii.,  in  the  following  manner, 
will  be  seen.  The  ••ame  etlect  Dr.  Wol-  and  without  j^cribinL""  aiu  new  property 
laston  has  shown  may  I  e  produced  by  to  tlu.'  particles  oi  matter. 
looking  aloui:  tl-.e  side  of  a  red-hot  1.  Thn.sr  surj'nres  i>J'  fraits^nirrnt  ho- 
poker  al  a  word  or  object  ten  or  twelve  dies  njlrrf  theirreat»!'t  i^iumtttij  nj  li^ht 
t(?et  distant.  At  a  di»;taucc  less  than  that  h.ore  tin'  irr'.:t(st  r"Jrnetir>'  joirtr, 
three-eii:hths  of  an  inch  nom  the  line  <ir  timt  .^t'lorcli-  lnv  nndia  which  d/fiir 
of  the  jiok'T,  an  inverted  imai:e  was  most  in  th'tr  n/rnrfii  >•  j  utrer.  When 
seen,  aikl  within  and  without  that  an  two  tnedia  horr  the  same  refractive 
erect  image.  jmwt r,  no  /i^ht  is  rejtatid at  their «vy/ti- 

The  method  employed  by  Dr.  Brew-  rutin*^  sarjacr.^: 
stert  to  illustrate  these  phenomena  con-        This   proposition  may  lie  proved  by 

'.,.-,    . TT — -—, ; — ,   ,   ... , .  manv  facts  :  ehr'/nate  of'  had  and  dia- 

•  M.M.  Jnnnc  aii<l  ^oret  tiliM-rvea  :i  fact  ol  ihis  •,  ,.,  .,  i*^i  ii 

\iiid  in  the  luki'ui  (iciwv.i.   i>vc  E'tmburyh  Euiy  mond,  um\   the   other  bodies  which  are 

ci»/»«'fl.  Art.upTir-.  v.i.  XV.  ^^.  I'^o.  placed   at   tue  head  of  our  table  of  re- 

^^e«  iJ*»i«r,A  A-^cye/cp^dM,, Art  Heat.  ToLx.  [r^cUvC     pOWerS     IIV    CUxv^j,   \\..  XV?\vi.vK 
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much  more  lic:ht  linn  any  of  the  other 
bodies  which  follow  thi'in  in  the  table  ; 
and  irafrr,  icr,  and  taf>axheet\  at  the 
foot  of  the  tahle,  reflect  much  less 
licrht  than  any  of  the  bodies  which 
precede  them.  In  like  manner,  if  we 
pour  castnr  oil  u])on  crown  fffa-^^, 
which  have  nearly  the  same  refractive 
power,  there  is  almost  no  liirht  reflected 
from  their  separatincj  surface.  If  we 
pour  »ftlphurir  arid  on  the  same  i^lass, 
the  reflective  ])ower  of  the  surface  is  in- 
creased. \Vitli  alcohol  i1  is  still  farther 
increased  ;  with  water,  still  faiiher :  and 
when  the  irlass  is  placed  in  airy  the  re- 
flective power  is  a  nrdxinnun. 

2.  The  small  est  part  a  of  almost  all 
natural  bodirsarr,  in  somedf^rcf,  tranS' 
parent y  and  tho  (parity ,  or  imprrvioiis 
vcss  to  lifihty  of  these  hodieSy  arises  from 
the  multitude  of  rf^flcTions  produced  in 
their  internal  parts. 

C4oId  iwid  siKer  leaf  are  both  transpa- 
rent ;  and  as  metallic  salts,  and  the  solu- 
tions of  all  metals  are  perfectly  transpa- 
rent, we  may  reirard  the  proposition  as 
established  for  the  most  opaque  of  all 
substances.  The  blackest  and  most 
opacpie  of  stones,  &c.  become  translu- 
cent, and  even  transparent,  \Nhen  a 
stronj;  lii,'ht  is  transmitted  throu^'h  the 
sharp  edirt's  of  small  frairmcnts  of  them. 

3.  lirtirvni  the  ptirt'i  of  opaque  arid 
col nu red  bodirs  there  are  nuniij  spaces, 
which  are  rithi  r  entjd}/  or  are  filed 
with  media  of  diffrreut  densities:  as 
water, /"o/'  e.vn}njfh\  fjitwei'ii  the  p<irt  ides 
with  which  (rtff/  lii/uor  ?v  cluurtd :^ 
air  lirtwi'm  th<'  a(/i/'".us  irliif  ulcs  that 
constitute  clo'fds-  tuid  mists  :  and  fur  the 
most  part  sj)arc  wifh-ut  eithrr  water 
or  airy  but  ytprrnajsunt  wh.olhj  uith- 
out  (inif  st/bst'ifirCy  hctwr.-  n  the  parts  of 
hard  bodir.K. 

The  truih  of  this  proposition  may 
be  deduced  from  the  two  ];rece(liul; 
ones;  tor,  by  Proj).  '2,  tliere  are  many 
reflexions  made  by  the  internal  parts 
of  bodies,  vhich,  by  Prop.  I,  would 
not  hapi)en  if  the  ])arts  of  those 
bodies  were  continuous  without  any 
interstices  between  them,  and  of  the 
same  refractive  power.  Besides,  many 
transparent  bodies,  such  as  minerals 
and  salts,  become  opacpie  when  their 
water  of  crystallization  is  driven  olf  by 
heat  ;  and  many  o])a(pie  bodies  become 
transparent  l)y  lilliui;  their  pores  with 
water  or  oil.  IJyilroj)hane  and  opacpie 
iahasheer  are  i)erfectly  transparent ;  the 
former  when  it  has  ab'^orbed  water,  and 
the  latter  wlien  it  has  absorbed  oiL 


Paper,  vellum,  and  linen  become  trans- 
parent in  oil ;  and  iodine,  a  dark,  me- 
tallic, and  opaque  substance,  when 
driven  off  in  vapour  by  heat,  forms  a 
tr<msparent,  purple  coloured  teas. 

4.  77/^?  parts  of  bodies  and  their  in- 
terstices must  not  be  less  than  of  some 
definite,  size,  to  render  them  opaque  ana 
coloured. 

The  experiments  in  Chap,  xiii.,  on 
thin  plates,  com])letely  prove,  that  be- 
low a  certamde^eeot  thickness  l)odies 
have  no  power  to  reflect  lijjht ;  that  is, 
arc  black ;  and  this  is  finely  illustrated 
by  the  black  down  of  quartz  mentioned 
in  the  same  chapter.  Hence  it  is  clear, 
that  if  the  particles  of  all  terrestrial 
bodies  were  so  small  as,  or  smaller 
than,  the  Hfrht  millionth  part  of  an  inch, 
UzTT^fiTiJs)*  ever}'  (object  in  the  animate 
and  inanimate  world  would  he  absolutely 
black,  and  consequently  invisible ;  forthc 
sun,  planets,  ancl  stars  could  only  show 
us  their  own  individual  positions  in  the 
sable  firmament.  The  transparency  Oi 
water,  p;lass,  &c..  Sir  Isaac  Newlon 
conceives  to  arise  from  tliis — that 
thous;h  they  are  as  full  of  pores,  or  in- 
terstices, between  their  parts  as  other 
bodies  are,  yet  their  parts  and  interstices 
are  too  small  to  cause  reflexion  at  their 
common  surl'aces. 

5.  The  transparc7it  parts  of  bodies, 
accordinfy  to  thrir  several  sizes,  refl'Vt 
rm/sff  one  colour  and  transmit  those  oj 
auothf  ryfor  the  same  rea\on\  that  thin  ■ 
j>lates,or  minute  part ich's  nf  air,  water, 
and  slu^s,  rrfhrt  cr  transmit  those 
rays ;  and  this  is  the  cause  of  all  their 
cvh/urs. 

If  a  body,  such  as  a  film  of  mica, 
appears  all  over  of  one  luii form  colour, 
liiwy  for  e\am])le  ;  then,  if  it  is  cut  into 
threads,  or  broken  into  tTa;jfments,  these 
portions  will  still  be  blue  ;  and,  consc- 
(pu»ntly,  a  heap  of  these  blue  portions 
will  constitute  a  mass,  or  powder,  of  a 
blue  colour.  And  as  the  parts  of  all 
natural  bodies  are  like  so  many  frai;-  • 
ments  c)f  a  thin  jilate,  they  muvf,  for  the 
same  reasons,  exhibit  the  same  colours. 

This    conclusion    apj)cars    also,   by 
examinini:  the   similarity  betwi-vn  the 
colours  of  natural  bodies  and  those  of 
thin  i)lates.  The  iinely  cohuued  feathers 
of  the   humminjr   birds,   ami  those  of 
jwacoeks'  tails,  aj^pear  in  the  very  same    : 
part  of  the  leather  of  diflerent   colours 
in   different  positious  of  the   eye;  the 
colour  descending:  in  the  scale  as  they     ' 
are  seen  more  oblicpu'ly,  as  is  the  case    .. 
with  the  colours  of  tliin  plates.    Ilend  ;  ~ 
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7.  Converging  and  diverging  beams.  *8uppose  a  line  to  join  the  eve  of  the  ob- 

— ^When  the  sun  is  descending  in  the  server  and  the  sun.    Let  beams  issue 

west,  through  masses  of  open  clouds,  from  the  sun  in  all  possible  directions, 

the  divergency  of  his  beams,  rendered  and  let  us  suppose  that  planes  pass 

Yisible  by  their  passage  through  nume-  through  these  beams,  and  tnrough  the 

rous  openings,  forms  frequent! j  a  veiy  line  joining  the  eye  of  the  observer  and 

beautirul  phenomenon.   It  is  sometimes  the  sun,  which  will  be  their  conmion 

aocompamed,  however,  with  one  of  an  intersection,  like  the  axis  of  an  oran^ 

opposite  kind,  piz.  the  convergence  of  or  the  axis  of  the  earth,  through  which 

beams  to  a  point  in  the  eastern  horizon  there  pass  all  the  septa  of  the  former, 

roeite  to  the  sun,  and  as  far  beneath  and   all   the  planes   passing   through 

horizon  as  the  sun  is  above  it,  as  if  the    meridians    of    the   latter.      An 

another    sun,  throwing  out  divergent  eye,  therefore,  situated  in  this  line,  or 

beams,  were  about  to  rise  in  the  east,  common  intersection  of  all  the  planes, 

Tliis  phenomenon  is  rarely  seen  in  per-  will,  when  looking  at  a  concave  sky, 

fBNBtion.     Dr.  Smith,  who  observes  that  apparently  spherical,  see  Uiem  diverg- 

be  once  saw  this  phenomenon  on  Lin-  ing  from  me  sun  on  one  side,  and  con- 

coin  httith,  describes  ikas  '  an  apparent  verging    towards  the  opposite    point, 

convei>|;ence    of   long   whitish    beams  just  as  an  eye  in  the  axis  of  a  large 

towards  a  point  diametrically  opposite  globe  would   perceive  all    the   planes 

to  the  sun,  and,  as  nearly  as  he  could  passing  through  the  meridians  diverg- 

estimate,  as  much  below  the  horizon  mg   on  one  side,  and  converging  on 

as  the  sun  was  then  elevbted  above  the  another.* 
opposite  point  of  it.* 

On  the  9th  of  October,  1824,  we  had  Chapter  XIX.  -  Partial  Reflexion  of 

the  satisfaction  of  seeing  this  curious  ,     ^^^^ — Absorption  of  Liffht — Light 

appearance  in  unusual  splendour.    The  '     r^lected  at    different  angles   fi^^ 

iun  was  considerably  elevated,  and  was  neater  —  Glass  —  Metals  —  White 

throwing  out  his  mverging  beams  in  opaque  Bodies— from  both  surfaces 

mat  beauty  through  the  interstices  of  ofUlass^rom  a  number  qf  Giase 

the  broken  masses  of  clouds   which  Plates, 

floated  in  the  west.  The  eastern  portion  p  j^  phenomena  described  in  the 
of  the  horizon,  where  the  converging  ^^f^i'^lA"!!!"^^ 
hntm  wwe  seeA  was  occuoied  w5ha  precedi^gchapters,  the  reader  must  have 
bC^k  cl^d  wWch^e^K  observed,  tiiat  when  light  falk  upon  the 
mack  cloua.  wiucn  seems  n^esswy  as  ^  transparent  bodies,  such  as  water, 
a  ground  for  rendering  visible,  by  its  "J""*^  ^^  .^r,4l;«  ^^li^r^V  u  i„^ 
.^J^L..^  -««K  f^u\^  i^/i:of^/>*«L  TKa  glass,  &c.  a  certain  portion  of  it  is  re- 
contrast,  such  feeble  radiations.    The  |^^  ^       ^^  sGrfaces.    When  we 

^'-"Z^n  ^hTHwriSrna''^«.°'^H  measure  the  quantity  r./«/«^  and  tiie 

fiunter  than  tiie  ^^^^^^  quantity /ran^iWwe''invariably  find 

^  point  of  convergence  was  as  far  ^^  ^^           ^ ^^    '  quantities  ii  less 

Wow  the  horizon  ;« Jhe  sun  was  ab^^  ^              ^^  ^^,J 

tf.   About  timmini^^  «^r  th^^  body.    HenL  it  foUows,  and  tiirfact  13 

menon  wm  tert  seen,^  .^^^^i  a  ^^  important  one  to  remember,  that 

bnes  were  blaca^  or  very  dark.    This  u^h*  *•  »l*,^^.m  //../  ••.  .r^.*«..«.  #AJL,«.a 

arose  from  tiie  n^  beams  having  be-  ?£*iJi/^^iJ^rA^?^ 

eome  broad,  and  of  unequal  intensity,  ^^,  Tf^  transparent  bo<kes.  This  h^ 

^  *  Vu!/  ^^«  ♦^^i,  „«  -«  ;f  »^w»  iiL  IS  lost  m  two  ways ;  a  portion  of  it  is  ab- 

^  *^k1^  '^^^''''ioL^nJr  J!:inv  sorbedor stopped bytfie.bodyandforms 

ff'^K^^'^^^K  ^^'Tl/S  ""  ""^^y  heat,  and  anSther  portion  fs  scattered 

ihm  the  beams  ^^^^^^l^f  •*     ^^^„^„  in  aU  directions  by*irregular  reflexion. 

Inordertoeiylaintlu^^  ^^^  ^^^^  ^^\^  ^^^^  y^^. 

which  IS  a  case  of  perspective,  let  us  ^^^^  as  polished  silver,  or  speculiS 

•  Thb  dUpwition  of  the  eve  ii  a  fery  canons  metal,  about  OUC  half  of  it  is  reflected, 

OM,  and  has,  we  believe,  nev«rWnob»rTed.Wbeii  and  the  Other  half  lost.     The  part   lost 

«•  look  itaadilf  at  a  carpet  haviag  ficvres  of  cm  ^|^„„:-.*,    «-   \y\  the  former  case    of  two 

C0lo«r,frMn  for  example,  upon  aafrooBdof  another  COnsiSlS,  as   m  xne  lormer  case,   01  IWO 

Mioar,  euppuM  red,  we  shall,  Bomebmes,  see  the  whole  portions  ;   OUC  Of  Whlch,  and  by  far  the 

•ftfce  green  pattern,  as  if  the  red  <»e  were  objitih  [argest,  being  absorbed,  and  the  other 

meed ;  and,  at  other  Umem  we  shall  aee  the  whole  of  ^^JL^JLi  u..  TL..»«..ia.  w>41/>«;^m 

STiid^teTn,  ae  if  the  green  one  were  obUterated.  Scattered  by  irregular  reflexion. 

Tfc«  former  effect  takes  place  when  the  eye  is  rtea-  ^q  Complete  set  of  experiment9   has 

w  JJlaSr*?^  ?rSrSd"4^!*Ti.''^r  '^  y^  been  made  from  which  the  law.  of 

coneeiTe  that  when  the  retina  u  in  a  state  of  imta-     _ _-^.._ 

tioa  or  excitation  with  red  light,  it  will  more  easilj 

lake  up,  as  it  were,  the  vikioa  of  a  red  object  than  of  t  See  SmltVa  Optics,  t<^.  \\.  ^^m«xV»H  v^oJ^ 

m.f  odcr.  Md  fidimhwrgli  Jovenial  oj  ScUuce  ^'^^^.vwv*  \.  vSKk 
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these  phenomena  can  be  determined. 
The  principal  facts  which  have  been 
ascertained,  we  owe  to  the  ingenuity  of 
M.  Bouguer  and  M.  Lambert,  and  these 
we  shall  now  lay  before  the  reader  :— 

Number  of  R«y»  reflected  out  of  1000. 

^ —  > 


of  Water.    UliM. 


89i° 
89 
884, 
88 

B7h 
85 
82i 
80 
77i 
75 
72k 
70 
65 
CO 
50 
45 
40 
30 
20 
15 
10 
0 


721 
692 
669 
639 
614 
501 
409 
333 
271 
211 
178 
145 
97 
65 
34 

22 
19 
18 
18 
18 
18 


Quick- 

721 


SUvw.    PlMlv.    Ttnulh 
Paper. 


584 

543 

474 

412 

356 

^99 

222 

210 

156 

112 

57 

41 

34 

27 

25 

25 

25 

25 


209     194    203 


carefully  comparing  them,  we  have 
found  that  the  quantity  of  light  re- 
flected at  dther  surface  is  inversely  as 
the  square  of  the  cosine  of  the  angles 
of  incidence.  It  is  a  most  curious  fact 
which  Lambert  has  established,  that 
the  light  reflected  at  the  second  surface 
of  a  plate  of  glass  is  at  all  angles  of 
incidence  more  than  double  of  the  quan- 
tity reflects!  by  the  first  sur&ce. 

M.  Lambert  likewise  obtained  the 
following  results  for  different  numbers 
of  very  transparent  plates  of  glass  at  a 
perpendicular  incidence. 


319     352    332 


455     529     507 


No.  of  PU'JU 
ofGlaM. 

I 

2 

3 

4 
5 
6 
7 
8 


No.  of 
iUysi 
ootof  lOOOu 

62 
117 
165 
209 
248 
284 
316 
345 


tlMMBaittfd. 

938 
883 
835 
791 
752 
715 
684 
654 


704 


640     640 


802     762    971 


666  1000  1000  1000 


When  the  glass  which  he  used  was 
less  transparent,  he  obtained  the  follow- 
ing results,  the  quantity  of  light  lost 
bemg  given  in  the  last  column. 


From  these  results  we  may  draw  the 
followinsj  conclusions : — 

1.  That  in /fi/iVfe,  transparent  solids 
and  metals y  the  quantity  of  liglit 
reflected  increases  with  the  angle 
of  incidence  reckoned  from  the 
perpendicular ;  whereas  in  white 
opaque  bodies  the  quantity  of  light 
reflected  decreases  with  the  angle 
of  incidence. 

2.  That  at  great  angles  of  incidence 
water  reflects  more  light  than  even 
both  the  surfaces  of  plate  glass. 

The  following  vciy  accurate  results 
were  obtained  by  M.  Lambert,  who 
measured  the  quantity  of  light  reflected 
both  at  the  first  and  the  second  surfaces : 


No.orOlM 
PlalM. 


1 

2 
3 

4 

8 

16 

32 


No.  of  IUy» 
nflvcMdoot 
of  1000. 

52 

86 
108 
123 
147 
152 
153 


No.oriU7t 
truumitted 
out  of  1000. 

811 

660 
537 
433 
195 
39 
2 


No.orR4j« 
lott  out  of 

loeou 
137 
255 
355 
449 
659 
809 
846 


AlMdMOf 

Inddano*. 


No.  of  Rajs  ont  of 
lOUU  rvAectMi  at 


No.  of  Rays  out  of 
1000  ieflect«d  at 


Jirtt  ftozftce.  Mconrf  Muface. 

70°  .  158  .  320 

60  .  77  .  165 

50  .  47  .  105 

40  .  34  .  71 

30  .  26  .  59 

20  .  22  .  50 

10  .  20  .  45 

0  .  20  .  45 

Lambert  does  not  seem  to  have  ob- 
Nrred  the  law  of  these  results.    Upon 


From  the  preceding  facts  it  is  obvious, 
that  in  all  the  various  operations  by 
which  we  distribute  or  concentrate  light 
for  economical  purposes,  a  consider- 
able portion  of  it  is  lost.  This  por- 
tion IS  much  greater  in  metals  than 
in  glass ;  and  hence,  when  other  cir- 
cumstances are  the  same,  lenses  are 
preferable  to  mirrors  or  specula^  either 
for  concentrating  the  solar  rays  for  the 
piuposes  of  combustion,  or  for  pro- 
ducmg  in  light-houses  an  intensely 
brilliant  column  of  light  capable  of 
reaching  to  a  great  distance,  and  pene- 
trating the  fogs  of  the  ocean.  For  the 
same  reason  a  Refracting  telescope 
gives  far  more  light  than  a  Reflecting 
one  of  the  same  aperture ;  and  if  we 
could  manufactiu^  glass  as  easily  as  we 
can  cast  metallic  specula,  the  Reflecting 
telescope  would  disappear  firom  among 
optical  instruments  in  actual  use. 
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Past  I. 
ON  THE  DOUBLE  REFRACTION  OF  LIGHT. 


Introduction. 

Simple  Refraction— Double  R^raction 
in  Iceland  Spar  described— Ordinary 
aid  Extraordinary  Ray — Double  Re^ 
fraction  possessed  by  various  Mineral, 
Animal,  and  Vegetable  Bodies. 

In  explaining  the  various  optical  phe- 
nomena which  arise  from  the  transmis- 
sion of  light  through  transparent  bodies, 
it  is  always  supposed  that  these  bodies 
are  perfectly  honiogeneous,  and  have  the 
same  temperature  and  density  through- 
out their  mass. 

In  such  substances  as  pure  loaier,  and 
well  annealed  glass,  the  minutest  point, 
or  the  finest  line,  will  appear  single  when 
seen  in  any  direction  or  through  any 
thickness,  provided  that  the  mass  is 
bounded  by  parallel  faces.  If  the 
water  or  the  glass  have  a  prismatic 
shape,  a  luminous  point  or  a  luminous 
line  will  still  appear  single  through  the 
prism,  if  the  light,  which  issues  from 
the  point  or  the  line,  is  homoeeneous  or 
simple.  But  if  the  light  is  white,  there 
will  be  a  r&i,  orange,  yeliiow,  green, 
Uue^  indigo,  and  violet  image.  In  like 
manner,  if  the  mass  of  water  or  glass, 
when  bounded  by  parallel  surfaces,  is 
heated  unequally  so  as  to  produce  strata 
of  different  density,  and  consequently  of 
different  refractive  power,  then,  if  the 
luminous  point  or  Ime  is  seen  in  the 
direction  of  the  strata,  a  double,  and 
sometimes  a  triple  image  of  it  will  ap- 
pear, as  in  the  phenomena  of  the  mirage 
or  unequal  refraction. 

In  all  these  cases,  however,  whether 
the  object  is  seen  double,  treble,  or 
quadruple,  the  phenomena  are  those  of 
mgle  or  simple  refraction,  because 
they  are  all  produced  by  the  same  at- 
tractive force,  varying  only  in  the  dwree 
of  its  intensity ;  and  are  all  regulated  by 
the  simple  laio  of  the  sines  discovered  by 
Sndlius.    The  existence  of  more  thau 


one  image  is  not  a  proof  of  the  exist- 
ence of  more  than  one  force,  unless  the 
substance  is  perfectly  homogeneous,  of 
equal  density  throughout,  and  bounded 
by  parallel  faces. 

A  substance  called  Iceland  spar,  cal- 
careous spar,  or  carbonate  of  lime,  has 
been  long  known  to  mineralogists.  It 
is  found  in  masses  often  larger  than 
one's  head.  It  is  composed  of  56  parts 
of  lime,  and  44  of  carbonic  acid,  and 
has  a  specific  gravity  of  2.714.  It  is 
perfectly  transparent  and  colourless,  and 
IS  susceptible  of  taking  a  fine  polish. 
When  broken,  it  occurs  in  pieces  of  the 
form  shown  in^^.  1.,  which  is  a  solid 


called  a  rhomb  or  rhomboid,  bounded 
by  parallel  faces  which  are  inclined  to 
each  other,  at  an  angle  of  105^  5'. 
These  natural  faces  are  often  even  and 
perfectly  polished ;  and  as  the  mineral 
cleaves  or  splits  parallel  to  any  of  its 
six  faces,  it  is  easy  to  replace  an  im- 
perfect face  by  a  new  one. 

Having  obtained  a  rhomb  of  Iceland 
spar  with  smooth  faces,  place  it,  as 
snown  in  J!g,  2,  above  a  sharp  line,  and 
look  throuffh  it  with  the  eye  about  R. 
The  line  wiU  appear  doubled  like  mn,pq. 
In  like  manner  a  black  dot,  or  a  luminous 
point  or  aperture  will  appear  double,  as 
e,  o.  If  we  cause  a  ray  or  pencil  of 
light  Rr  to  fall  upon  the  surface  of  the 
rhomb,  it  will  be  separated  into  two 
rays  or  pencils  ro,re,  each  of  which 
will  emerge  from  the  rhomb  at  o  and  € 
in  the  directions  o  </,  ec^  '^^^^V^^t* 
The  ray  Kr  Yvqa  \3cMa^cic^  %\)SnN^ 
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DOUBTS  REFRACTION. 


double  refraction  in  passing  through  summit  A  upon  any  pbint  of  any  of  the 

the  rhomb,  and  as  the  very  same  jiSd-  faces,  it  is  manifest  that  the  doul  le 

nomena  will  take  place  b^  making  the  refraction  cannot  arise  from  any  did'ir- 

ray  Rr  fall  at  the  same  incidence  and  ence  of  density  in  different  parts  of  the 

in  the  same  (Erection  relative  to  the  rhomb. 

JFfr.2. 


In  order  to  prove  this,  however,  by 
direct  experiment  let  the  angles  of  re- 
fraction of  the  ray  rOtre  be  measured 
conresponding  to  the  different  angles  of 
incidence  of  R  r,  be^nning  at  a  perpen- 
dicular incidence  or  0**.  It  will  then  be 
found  that  at  0^  the  ray  ro  has  suffered 
no  refraction,  and  that  at  io°— 20°— 30°, 
&c.  its  refhiction  is  such  as  it  should  be 
by  the  ordinary  law  of  the  sines;  the 
sme  of  the  angle  of  refraction  being  to 
the  sine  of  the  angle  jf  incidence  in  a 
constant  ratio.  Witli  the  ray  r  «,  how- 
ever, the  case  is  very  different ;  at  0°  its 
angle  of  refraction,  m  place  of  being  0°, 
is  6°  1 2' ;  and  at  1 0°— 20°— 30°,  &c.  it  is 
such  as  not  to  follow  the  constant  ratio 
of  the  sines.  Hence  it  follows  that  Ice- 
land spar  has  a  double  refraction,  sepa- 
rating a  pencil  of  light  into  two,  one  of 
which  is  refracted  according  to  the  or- 
dinary law,  and  the  other  according  to 
a  new  or  extraordinary  law, 

Drf.  1 .  The  ray  r  o  is  therefore  called 
the  ordinary  ray,  and  re  the  extraor' 
dinary  ray. 

The  property  of  double  refraction  is 
possessed  by  a  very  great  number  of 
minerals  and  artificial  salts.  It  is  found 
also  in  various  animal  and  vegetable 
bodies,  and  it  may  be  communicated 
either  transiently  or  permanently  to 
substances  in  which  it  does  not  naturally 
reside. 

Def,  2.  In  all  doubly  refracting  sub- 
stances there  are  one  or  more  lines,  or 
one  or  more  planes,  along  which  there 
18  no  double  refraction,  or  along  whioh 
no  doubly  refracting  force  exists. 
D^,  3,  Those  substances  in  vfhieYi 


there  is  only  one  such  line  or  plane,  are 
called  crystals  or  bodies  with  tme  axis, 
or  one  plane  of  axes  of  double  refrac- 
tion, and  those  which  have  two,  three, 
four,  &c.  such  lines  are  called  crystals 
or  bodies  with  two,  three,  four,  &c 
axes,  or  planes  of  axes,  of  double  re- 
fraction. 

Def  4.  When  the  doubly  refracting 
force  does  not  exist  in  any  of  these  axes 
or  planes  of  axes,  the  axis  is  called  a 
real  axis  of  double  refraction;  but 
when  the  disappearance  of  double  re- 
fraction arises  from  the  existence  of 
two  opposite  and  equal  doubly  refi-act- 
ing  forces  which  destroy  one  another, 
the  axis  or  plane  of  axes  are  called  a 
resultant  axis  or  plane  of  double  re- 
fraction, or  an  am  or  plwie  of  compen- 
sation. 

Def  5.  If  the  ray  which  suffers  the 
extraordinary  refraction  is  refracted 
towards  the  axis  or  plane  of  axes  of  a 
doubly  refracting  body,  the  axis  is  called 
a  positive  axis  of  aouble  refraction; 
and  if  it  is  refracted  from  the  axis*,  it  is 
called  a  negative  axis  of  double  rt^rae- 
tion. 

Chapter  I. 
Crystals  with  one  Axis  of  Doublje  Re- 
fraction —  List  of  such  CrystAli-' 
Law  of  Double  Refraction  i?i  lUmf 
with  a  Negative  Axis— Law  offU  *« 
those  with  a  Positive  Axis — 
tals  with  two  Axes  of  Doub/1 
fraction  —  Crystals  with  one\ 
for  one  Coloured  Light,  and  ti 
another  Coloured  Light  —  C\ 
teith  many  Planes  of  Double 
tion — Circular  Double  Refract\ 


DOUBLE  REFRACTION. 


On  ike  DombU  RifirmeHon  produced 
hj/  Heat  and  Preeeure, 

l^^^CryetaU  with  one  Axis  of  Double 

Refraction. 
Fh>m  the  examination  of  a  great  num- 
ber of  crystallised  bodies,  Dr.  Brewster 
Ibund  that  all  those  bodies  which  ciys- 
tallised  in  the  form  of  the  rhomboid,  the 
regular  hexahedral  prism,  the  octohe- 
dron  with  a  square  base,  and  the  right 
prism  with  a  square  base,  have  one 
axis  of  double  refraction,  and  he  has 
arranged  them  as  follows: — ^The  sign— 
indicating  that  the  axis  is  negative,  and 
the  sign  +  that  it  is  positive. 

Table  of  Crystallised  Bodies  having  one 

Axis  of  Double  Refraction. 

i. — Rhomb  with  an  Obtuse  Summit 

Fig.  3. 


—  Carbonate  of  Lime  (Iceland  Spar.) 

—  Carbonate  of  Lime  and  Iron. 

—  Carbonate  of  Lmie  and  Magnesia. 
— >  Carbonate  of  Zinc. 

.  Nitrate  of  Soda. 

—  Phosphate  of  Lead. 

—  Phosphato-Arseniate  of  Lead. 

—  Levyne. 

—  Tourmaline. 

—  Rubdlite. 

—  Ruby  Silver. 

—  Alum-stone. 
-H  Dioptase. 

4-  Quartz. 

iL — Rhomb  with  Acute  Summit. 


Fig.  4. 


—  Corundum. 

—  Sapphire. 

—  Ruby. 

—  Cinnabar. 

—  Arseniate  of  Copper. 

ill. — Regular  Hexagonal  Prttm, 
F^.5. 


—  Emerald* 

—  Beryl 

—  Phosphate  of  Lime. 

—  Nepheline. 

—  Arseniate  of  Lead. 

+  Hydrate  of  Magnesia. 

ir. — Octohedron  with  a  Square  Bate. 

Fig.e 


+  Zircon. 

+  Oxide  of  Tin. 

+  Tungstate  of  Lime. 

-MeUite. 

.-  Molybdate  of  Lead 

—  Octohedrite. 

*  Prussiate  of  Potash. 

jfj-^Right  Prism  with  a  Square  Baee, 

Fig.  7. 


BS 


4  DOUBLE  REFRACTION. 

-f  Titanite.  ihomb  of  Iceland  gptr,  to  that  ttie  faoei 

—  Idocrase.  are  perpendicular  to  the  axis  AB«iia 

—  Wemerite.  shaU  find  that  a  ray  of  li^t  transmitted 

—  Paranthine.  paraUel  to  AB  is  not  divided  into  two 
— >  Meionite.  pencils.  This  will  be  the  case  whether 
«-  Subphosphate  of  Potash.  the  ray  is  incident  perpendicularly  upon 

—  Edm^onite.  the  two  faces,  or  obliquely  upon  any 
+  Apophyllite  of  Uton.  &ce  not  perpendicular  to  Ad,  provided 
+  Superacetate  of  Copper  and  Lime.  that  in  the  latter  case  the  refracted  ray 

—  Phosphate  of  Anunonia  and  Mag-  is  parallel  to  AB.     If,  in  this  latter 

nesia.  case,  we  measure  the  index  of  rcfrae- 

—  Hydrate  of  Strontites.  tion  of  the  Iceland  spar,  we  shall  find  it 

—  Arseniate  of  Potash.  as  follows: — 

—  Sulphate  of  Nickel  of  Copper.  Indexof  refrac-^ ,  ^,.,  n«linsnn,«iir 
7  Somervimte.  tion  along  the  U'^^l^  ^l2^«/' 
+  Oxahvente.  axis.  J 1 .  6543  extraor.  ray. 

In   all  these  ciystals   the  axis  of 

double  refraction   coincides  with  the  .  ^^  T^^  measure  the  radices  of  refrao. 

hne  AB,  which  is  the  axis  of  the  geo-  ^on  m   a    direction  perpendicular  to 

metrical  solid.  ^^"  ^^  ^'^^  ^^  fsces  uf  the  rhomb 

The  following  crystals,  whose  primi-  (which  are  all  inclined  44°  36'  34"  to 

tive  form  has  not  been  perfectly  deter-  t^e  a^)  s®  that  the  plane  of  mcidcoce 

mined,  have  also  one  axis  of  double  passes  through  A  B,  we  shall  find  tbem 

refraction.  as  foUows  :— 


podtioBflrtiMAM.  Indices  of  refrac-1 

—  Mica  from  Kariat.  .  .  Perpendicu-  tionperpendicu-l  1.6543  ordinaiyny. 

lar  to  the  Laminae.  lar  to  the  faces  1 1 .  5720  extraor.  rif 

—  Mica  with  Amianthus  .  Peipendicu-  of  the  rhomb,    j 
HT    •  ♦     f  T  •       ^^  *^  the  Laimnffl.  j^  ^^  ^^^  ^„j  ^  ^^     ^^^^jj^  ^ 

-MunateofLime     .  .  AxisofHex-  a  B,  and  measSre  the  indices  of  refhc 

nr    •  *     r  o*  ^  4-        agonal  jrisra.  ^^^  j^  ^  plane  of  incidence  perpendica- 

-  Munate  of  Strontian  .  Axis  ofllex-  j^  ^^  ^  ^^  ^^  ^^^y  ^^^  ,1^^^  ^^  ^ 

-  Hyposulphate  of  Lime  T^s  of  Hex-*  foiws^^lj"''''"'^  ^'  "^'^  and  to  be  m 

agonal  Table. 

+  Boracite  .   .  Axis  of  Rhomb  of  90°.  ^"^ices  of  refrac-K  g543  ^^ 

+  Apophyllite  surcompos^e  .    Perpen  bonperf^ndicu.  V^  ^333  extraorf  ray. 

dicular  to  the  Plate.  lar  to  the  axis.  J                              ' 

+  Sulph.  of  Pot.  and  Iron  Axis  of  Hex-  pYoj^  these  results  it  follows  that  the 

-                                  ^0^^  j!"^™-  double  retraction,  or  the  force  which  wo- 

"^  ^^^ •   •  Axis  ot  Hex-  duces  it,  disappears,  or  is  nothim;  when 

agonal  Pnsm  or  Rhomb,  ^he  ray  acted  upon   passes  along  the 

^Cyanuret  of  Mercury   .   .   .  .^s  of  axis  of  the  crystal ;  that  it  increas«^with 

Square  l^sm.  j^e  angle  which  the  ray  forms  with  the 
T*  .  ..  V  ^  fit.  axis;  and  is  a  mortmu^Tt  when  the  inci- 
Having  thus  pyen  a  bst  of  those  «-  j^^  my  is  perpendicular  to  the  a^i. 
Kular  crystals  which  have  one  axis  of  i„  ^^^^^^^  Sig^over  the  precise  bw 
double  refraction  we  shall  now  proceed  ^  ^^ich  the  doubly  refracting  fern 
to  describe  the  phenomena  which  they  j^^ases  as  the  inclination  of  tfe  ind- 
exhibit,  and  to  explain  the  law  by  which  ^^J^^  ^jj,,  ,he  axis  increases.  Hoy- 
the  phenomena  are  regulated.  In  doing  measured  the  double  refraction  it 
tins,  we  shaU  begin  with  cnrstals  which  |iffere„t  angles,  and  found  that  the  it- 
have  one  negative  axis  such  as  Iceland  ^iprocaJ  of  the  index  of  refraction  of  the 
spar,  a  mineral  which  is  pecuharly  extraordinary  ray  was  measured  by  the 
adapted  for  investigating  the  pheno-  radius  of  an  eUiMC  whose  lesser  aiii  i. 
mena  of  double  refraction  '^1                       , 

to  its  greater  as    7-777,  «  to  T"7Sm 

2.-0»  Oe  I^wofD^le  Refraction  in  ^  ^^,^,  of  the  greatest,  a^dto 

Cry»laU  mth  me  Negative  Ax».  ^^^X  of  exti^aordimuy  refVactioo. 
If  we  grind  down  and  po\\sVv  VVve  Vwo       \xv.  ct^tx  \s>  -m.^^  "ftsa  'i^^^^  \«t  as 
opposite  summits  A,  B,  Jig.  \,  oi  »   »\w«»  ''iMii.  SSoa  :£«»^  <&.  ^s^nans^ 
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•par  is  turned  in  a  lathe  to  an  exact       Having  thus  explained  the  law  which 
^>here  AB  C  Tit  Jig.  8,  whose  centre  is    regulates  the  vanation  of  the  variable 

index  of  extraordinary   refraction,  we 
^'  8.  shall  proceed  to  illustrate  some  of  the 

other   properties  of  double  refraction 
as  they  appear  in  calcareous  spar. 

Let  A  C  B  D,/o'.  9,  be  a  secUon  of  the 
rhomb  passing  through  the  axis  AB  (see 
Jig,  3).   This  and  evexy  section  passing 

Fig.^. 


O,  and  whose  axis  A  B  corresponds  with 
the  axis  of  the  rhomb  A  B,  Jig.  3. 
Through  0  draw  c  O  c/  at  right  angles 
to  the  axis  A  B,  and  set  off  0  c,  O  rf,  so 
that  OA  or  OB  is  to  Oc  or  Od  as 

i:fer3^^"d833'^'^-^^^^^t^ 
.  6742,  and  through  the  points  A,  B,  c,  d 
draw  the  ellipse  A  c  B  </.  Then,  if 
Ra 6  is  a  ray  of  light  incident  on  the 
rhomb  at  ft,  at  an  inclination  to  A  B  of 
ROA  or  44°  36'  34",  the  radius  Oa 
of  the  ellipse  will  be  found  either  by 
projection  or  calculation  to  be  .6361 

^  i-z;:;:.*    Hence,  the  index  of  refrac- 

tion  for  the  extraordinary  ray  formed  by 
Rft  will  be  1.572.  ^ 

As  the  reciprocal  of  this  index  in- 
creases from  A  to  C,  it  will  itself  dimi- 
nish, and  consequently,  though  the  suc- 
cessive increments  ab^Cc  of  its  reci- 
procal increase  also,  the  successive  de- 
crements of  the  index  (viz.  C  c= .  1710 
and  f  b= .  0823)  will  be  negative,  or  to 
be  subtracted  from  the  maximum  index 
1.654. 

If  we  now  call  m!  the  index  of  extra- 
ordinary refraction*  (or  the  velocity  of 
ttie  extraordinary  ray,)  and  ^  the  incli- 
nation of  that  ray  to  the  axis,  then  it 
may  be  shown  that 

m'«=1.6543«'+  0.536510  sin«^ 
that  is,  the  square  of  the  index  of  extra- 
Qfdinary  refraction  at  any  inclination  ^ 
IS  equal  to  the  square  of  the  greatest 
index  of  extraordinary  refraction  (or  the 
index  of  ordinary  refrtu^tion)  cUminished 
by  a  quantity  varying  with  the  incUnar 
ton  to  the  axis. 

Hence,  we  see  the  propriety  of  calling 
such  crystals  negative,  because  the  term 
which  expresses  the  influence  of  the 
doubly  refracting  force  is  always  nega- 
tbfB* 

Tbe  above  formula  becomes — 

M^s  V2.7366S3~0.536]0  ain.« f« 


through  the  axis  is  called  a  principal  sec- 
tion of  thecrystal.  DrawPQ  perpendicu- 
lar to  the  surface  AC  at  r.  A  ray.  P  r,  inci- 
dent perpendicularly  at  r,  will  be  divided 
intotworays,theordinaryonerQ,  which 
goes  straight  on,  and  the  extraordinary 
ray  r  M.  Then,  if  two  rays  Rr,  R'r, 
fall  on  the  same  point  r  at  equal  incli- 
nations to  Pr,  or  at  equal  angles  of  in- 
cidence, but  in  the  plane  of  the  section 
A  C  B  D,  the  extraordinary  rays  of  each, 
viz.  rT,  rS,  will  be  so  refracted  that 
T  M  =  S  M,  and  these  refracted  rays,  as 
well  as  the  ordinary  ones  rt,rs,  will  be 
all  in  the  same  plane. 

The  force  which  produces  the  exhra- 
ordinary  refraction  exerts  itself  as  if  it 
emanated  or  proceeded  from  the  axis 
A  B  of  the  rhomb ;  for  when  the  plane 
of  incidence  passes  through  the  axis,tlie 
extraordinar}^  ray  is  always  in  the  same 
plane.  But  if  the  plane  of  incidence  is 
mclined  at  any  angle  to  the  axis,  the 
extraordinary  ray  is  pushed  out  of  that 
plane  by  the  force  proceeding,  as  it  were, 
from  the  axis ;  and  hence  it  is  tedious, 
either  by  a  graphic  projection  or  bycal- 
culation  to  determine,  m  that  case^  the 
position  of  the  extraordinary  ray. 

When  the  plane  of  incidence  is  per- 
pendicular to  the  axis,  or  is  in  what 
may  be  called  the  equator  qf  doubU 
refraction,  where  the  force  is  a  maxi- 
mum, the  extcaoxdvcvvr^  t%:^  S&  ^^^% 
in  the  piane  ol  VacSfdiftXtfs^  «x^SX»  \o»^^'^'°^ 
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may  be  detormined  at  all  angles  of  inci- 
dence in  this  plane,  m  the  same  manner 
as  if  it  were  acted  upon  with  an  ordi- 
nary force  whose  index  of  refraction  is 
1-6543. 

All  these  observations  are  equally 
applicable  to  all  the  other  crystals  with 
one  negative  axis. 

The  following  are  the  number  of  prin- 
cipal sections,  or  planes  of  refraction, 
passing  through  the  axis  in  the  different 
primitive  forms  shown  injig**  3  to  7. 

Rhomb 6 

Hexagonal  prism  •  .  .  .  Infinite. 
Octohedron,  with  a  square 

base 4 

Ri£;ht  prism,  with  a  square 

base Infinite. 

The  secondary  forms  of  these  crystals 
have,  of  course,  a  different  number  of 
such  planes,  some  more  and  some  less. 

3. — On  the  Law  of  Double  Refraction  in 
Cryiials  with  one  positive  axis. 

The  mineral  called  quartz,  or  rock 
crystal,  crystallizes  most  commonly  in 
six-sided  prisms,  terminated  with  six- 
sided  pyramids,  as  shown  mjig.  10.  If 
we  gnnd  down  and  polish 
the  summits  A  and  B,  we  Fig>  10. 
shall  find  that  there  is  no  se- 
paration of  the  images,  or  no 
double  refraction  when  the 
refracted  ray  passes  along 
the  axis  AB.  Hence  AB  is 
the  axis  of  double  refrac- 
tion. 

If  in  this  case  we  mea- 
sure the  index  of  refraction, 
we  shall  find 

Index  of  refrac-  c  1*5484  ordinary, 
tion  at  any  axis  1 1*5484  extraordinary. 

If  we  measure  next  the  indices  of  re- 
fraction in  a  direction  perpendicular  to 
any  of  the  faces  E  of  the  pyramid  (which 
are  all  inclined  38°  20'  to  the  axis),  so  that 
the  plane  of  incidence  passes  through 
AB,  we  shall  find  them  as  follows : — 

Index  of  refraction  ] 
perpendicular  to  1 1*5484  ordinarv  ray. 
the  faces  of  thef  1*5544  extraord.  ray. 
pyramid    .    .    .J 

In  like  manner,  we  shall  find  that  the 
indices  of  refraction  through  CD,^.  11, 
and  in  a  plane  perpendicmar  to  the  axis 
A  B,  are 

^!!±!!,^  'f  ^,^^iril-5484  ordinaiy. 


From  these  results  it  appears  that  the 
index  of  extraordinaiy  refraction  of 
quartz  increases  firom  the  axb  to  the  eonap- 
tor,  whereas  in  Iceland  spar  it  diminishes. 
In  place,  therefore,  of  bem^  regulated 
by  an  ellipse  whose  lesser  axis  coincides 
with  the  axisof  dou- 
ble refraction,  AB, 
Jig,  8,  it  is  regulated 
by  an  ellipse  whose 
greater  axis  AB  co- 
incides with  the  axis 
of  double  refrac- 
tion,  as   shown  in 

In  this  case  OA  will  be  to  Oc  as 
to ,  or  as  '6458  is  to  -6418. 


1-5484  "  1*5582 
If  we,  therefore,  call  m'  the  index  of  ex- 
traordinary refraction  (or  the  velocity  of 
the  extraordinary  ray.)  and  ^  the  incK- 
nation  of  that  ray  to  the  axis,  it  may  be 
shown  hat 

mf*  =  1-54 84«  +  -030261  sin.*  f ; 

that  is,  the  square  of  the  index  of  the 
extraordinary  ray  m'  at  any  incline* 
tion  f  is  equal  to  the  square  of  the  index 
of  ordinary  refraction  increased  by  a 

Suantity  varying  with  the  inclination  to 
le  axis. 

Hence,  we  see  the  propriety  of  calling 
such  crystals  positive,  because  the  term 
which  expresses  the  influence  of  the 
doubly  refracting  force  is  always  posi^ 
live.    The  above  expression  becomes 

m'  =  V2'3975  +  -030261  sin.«^ 

The  existence  of  a  positive  axis  of  dou- 
ble refraction  in  quartz  was  discovered 
by  M.  Biot. 

4. — On  Crystals  dih  tux)  Axes  of  Dou- 
ble Refraction. 

The  great  bodv  of  crystals,  whether 
they  are  mineral  or  chemical  substances, 
have  two  axes  of  double  refraction. 
This  discovery  was  made  by  Dr.  Brews- 
ter, who  traced  the  double  image  through 
the  crystals,  and  found  the  double  re- 
fraction to  diminish  as  the  ray  ap- 
proached two  lines  or  axes,  and  at  last 
to  disappear  wholly  when  the  ray  passed 
along  either  of  these  two  axes.  He 
found  also  that  these  lines  were  not  co- 
incident with  any  prominent  lines  in  the 
crystalline  form,  and  th&t  they  formed 
various  angles  with  each  other  from  the 
smallest  angle  in  glauberite  up  to  90^  in 
sulphate  of  iron. 

After  examining  more  than  one  hun- 
dred of  these  crystals.  Dr.  Brewster  also 
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Ibiind  that  all  crystals  which  beloTiC;  to  double  refraction  disappears.  This  re- 
the  prismatic  system  of  Mohs»  or  'vhose  markable  structure  will  be  more  parti- 
primitive  forms  are  the  right  prism  with  cularly  described  in  a  subsequent  part 
its  iMLse  a  rectangle,  a  rhomb,  or  an  of  the  treatise. 

oblique  paralleloirram ;  the  oblique  ^  ^^^  .,  ...  *  j., 
priMin,  with  its  base  k  rectangle,  a  ^—^  Cryitak  with  circular  double 
rhomb,  or  an  oblique  parallelogram,  or  nejraetton. 
the  rectangular  and  rhomboidal  octo-  M.  Fresnel  has  discovered  ithat  a  ray 
hedron,  have  two  axes  of  double  refrao-  of  light  passing  along  the  axis  of  quartz 
tion.  where  its  ordinary  double  refraction  va- 
in these  cases  the  double  refraction  nishes,  is  divided  into  two  rays  which  have 
follows  a  very  complicated  law  (see  Chap,  remarkable  properties.  The  law  of  varia- 
VIII.) ;  and  M.  Fresnel  has  made  the  tion  of  the  doubly  refracting:  force  is 
important  discovery  that  both  the  rays  not  known,  but  the  properties  of  the 
follow  a  law  of  extraordinary  refraction,  two  rays  to  which  it  gives  rise  will  be 

5. — On  Crystals  which  have  two  Axes 

'   for  the  most  refrangible^  and  one  8. — On  Bodies  to  which  double  Refrac- 
Axis  for  the  least  refrangible  rays,  tion  may  be  communicated  by  Heat 

Tliis  singular  property  was  discovered        ^'^  Pressure, 

by  Dr.  Brewster  in  GlauberitCt  in  which  Bodies  with  one  or  more  axes  of  dou- 

hc  found  two  resultant  axes  inclined  ble  refraction  may  be  formed  artificiaUy 

to  one  another  at  an  angle  of  5°  when  out  of  glass,  &c.  either  by  pressure  or 

red  light  was  used,  and  only  one  nega-  by  the  transmission  of  heat,  or  by  rapid 

five  axis  when  violet  light  was  used.   In  cooling.    In  these  cases  the  double  re- 

this  case,  however,  it  may  be  shown,  by  fraction  depends  on  the  external  form 

principles  which  will  afterwards  be  ex-  of  the  body,  and  changes  with  a  change 

plained,  that  glauberite  has  more  than  of  form.    If  the  body  is  a  cylinder,  it 

one  real  axis  even  for  the  violet  rays*.  may  be  made  to  have  one  negative  or 

^      r\    r*      J  1        ti.  Di  /•  one  positive  axis  of  double  refraction. 

6.-0«  Crystals  with  many  Planes  ff  j^  /^^  ^  cyUnder  whose  section  is  an 

double  Refraction.  ^jp^^^  ^^  /.^  ^^  ^  parallelepiped,  it  wiU 

In  all  the  crystals  hitherto  mentioned  the  have  more  than  one  axis ;  and  if  it  is  a 

double  refraction  is  related  solely  to  one  sphere  it  will  have  an  infinite  number  of 

or  more  lines  or  axes ;  but  Dr.  Brewster  axes  of  double  refraction.    In  all  these 

has  found  that  analdme  has  its  double  cases  the  double  refraction  may  be  accu« 

refraction    related  to    various    planes  rately  calculated,  as  will  be  shown  in  a 

within  the  crystal,  in  all  of  which  the  subsequent  part  of  this  treatise. 

Part  IL 

ON  THE  POLARISATION  OF  LIGHT. 

"  The  Phenomena  of  the  Polarisation  the  substance  of  any  homogeneous  un- 

of  I^ight,**  to  use  the  language  of  one  of  crystallised  body,  tne  property  of  the 

oar  most  eminent  mathematicians  and  reflected  or  transmitted  lignt  continues 

natural  philosopherst,  **  are  so  singular  the  same  when  we  turn  round  the  body, 

and  various,  that  to  one  who  has  only  so  that  the  light  falls  on  the  first  surface 

studied  the  subject  of  physical  optics  always  at  the  same  angle ;  that  is,  the 

under  its  ordinary  relations,  it  is  like  different  sides  of  the  rays  exhibit  no 

entering  into  a  new  world,  so  splendid  different  properties  in  rdation  to  the 

as  to  render  it  one  of  the  most  delightful  plane  of  its  incidence.    Such  light  is 

branches  of  experimental  inquiry  ;  and  called  common  light, 
to  fertile  in  the  views  it  lays  open  of  the       A  kind  of  light,  however,  has  been 

constitution  of  natural  bodies,  and  the  discovered  which,  when  reflected  from 

minuter  mechanism  of  the  universe,  as  the  surface,  or  transmitted  through  the 

to  place  it  in  the  very  first  rank  of  the  substance  of ^  homogeneous  uncrystal- 

physico- mathematical  sciences.'*  lised  bodies,  exhibits  different  proper* 

When  light  emitted  from  the  sun,  or  ties  when  the  body  is  turned  round  in 

from  any  self-luminous  body,  is  reflected  the  manner  above  described.    Hence 

from  the  turf  ace,  or  transmitted  through  it  follows  that  different  sides  of  the  rays 

•  BUnh^h  Journal  of  Sci^.  No.  XIX.  of  SUCh  lig^t  mUSt  have  dvffia^T*.  V^: 

i  Mr.  HencbeU  in  kit  TreatiM  on  Lif  kt.  peiUeS  Ui  raaXxOXl  \0  \^  "^^iSSl^  ^\  ^«)3. 
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isodinee.  and  hence  this  lin^t  is  called  CnjimR  II.— PoloriiaAofi  of  Light 
zolarited  light,  because  its  rays  have  bj^E^Uxum^puawerieio/Malr 
poles,  or  sides  with  different  properties. 
Polarised  light  is  never  emitted  from 
any  self-luminous  body,  or  from  any 
axtificial  flame  produced  by  combustion. 
Whenever  it  is  obtained,  it  must  have 
previously  existed  in  the  state  of  com- 
mon light,  from  which  it  may  be  pro- 
cured in  three  ways : 

1.  By  reflexion  from  the  surfaces  of 
transparent  and  opaque  bodies.  _   __^ 

2.  By  trarumission  through  a  number  tween  common  and  polarited  li^t,  let 
of  plates  or  planes  of  unciystallised  bodies.    A,  Jig.  12,  be  a  plate  of  glass  placed  at 

3.  By  transmission  through  bodies  the  end  of  the  tube  MN,  so  that  a  ray 
regularly  crystallised,  and  possessing  the  of  li^ht  R  A,  incident  at  A,  may  be  re- 
property  of  double  refraction.  fleeted  along  the  axis  of  the  tube  MN. 


Ar:  BreiDiief'9  Ltao  of  the  Tangents 
— Table  qf  thepolarmng  Angles  of 
bodies — Polarisation  of  Light  at  the 
second  suifacu  of  bodies — Polarisa- 
tion of  Light  at  the  separating  swr- 
faces  of  two  media — By  successive 
Reflexions — State  qf  partiaUy  po- 
larised light— The  polarising  angle 
used  to  measure  rrfracHve  powers. 

In  order  to  explain  the  difference  be- 


Fig.  12. 


mm 


At  the  end  of  another  smaller  tube  N  P, 
which  can  turn  round  within  MN,  place 
a  similar  plate  of  glass,  capable  of  re- 
flecting a  ray  A  C  to  the  eye  at  E. 

Let  a  ray  of  light  R  A  fall  upon  the 
vertical  plate  of  glass  A  at  an  angle  of 
incidence  of  56°,  so  as  to  be  reflected  in 
the  direction  AC  ;  and  let  this  reflected 
ray  A  C  fall  at  the  same  angle  of  inci- 
dence of  56°  upon  a  plate  of  glass  C, 
and  be  reflected  from  it  to  E.  Then  in 
the  position  shown  in  the  figure,  where 
the^r*/  reflexion  is  made  m  a  horizontal 
plane  RAC,  and  the  second  in  a  vertical 
plane  ACF,  the  ray  CE  will  be  so  weak 
as  to  be  scarcely  visible,  the  plate  of 
glass  C  E  having  almost  no  power  to 
reflect  the  light  AC.  If  we  now  turn 
round  thctul>e  NP  within  NM,  without 
shifting  the  tube  MN,  and  reflector  A, 
the  ray  C  E  will  become  stronger  and 
stronger  till  it  has  been  turned  round 
90°,  or  so  that  the  plane  of  reflexion 
A  C  E  is  horizontal  like  RAC.  In  this 
position  the  light  in  the  beam  C  E 
IS  the  greatest  possible.  If  we  con- 
tinue to  turn  the  tube,  C  E  will  become 
fainter  and  fainter,  till  after  being  turned 
round  90°  more,  when  the  plane  of  re* 


flexion  ACE  is  again  vertical,  the  ray  CE 
will  almost  cease  to  be  visible.  After  a 
farther  motion  of  90°,  the  ray  C  E  will 
recover  its  strength ;  and  by  90°  more, 
which  brings  the  plate  C  back  into  its 
first  position,  as  shown  in  the  figure, 
the  ray  C  K  will  cease  to  be  visible. 

From  this  experiment  it  clearly  fol- 
lows, that  when  the  upper  or  the  under 
side  of  the  ray  AC  is  towards  or 
nearest  the  reflecting  plate  C,  the  plate 
is  incapable  of  reflecting  it,  whereas 
when  the  right  or  left  8i&  of  the  ray  is 
towards  or  nearest  tLe  reflecting  plate, 
the  plate  reflects  it  as  it  would  do  com- 
mon light;  and  at  intermediate  posi- 
tions intermediate  degrees  of  light  are 
reflected.  The  ray  A  C  has,  therefore, 
properties  different  from  common  light ; 
and  as  the  common  light  RA,  from 
which  it  has  been  obtained,  has  suffered 
no  other  change  but  that  of  reflexion,  we 
are  entitled  to  conclude  that  light  be- 
comes polarised  by  reflexion  at  an  angle 
of  5G>  from  ghiss.  The  simple  test, 
therefore,  of  polarised  light  is,  that  it 
refuses  to  be  reflected  by  Uie  surface  of 
a  transparent  body  when  it  is  incident  at 
an  angle  of  about  5G°,  and  in  two  positions 
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it  angles  to  one  another^  which  paradoxical  phenomenon  of  recovering 

3  discovered  by  tumins:  the  reflect*  and  extinguishing  a  luminous  image  by 

rface  round  tlie  polarised  ray.  the  same  hreath. 

s  beautiful  property  of  Hgnt,  in  While  repeating  the  experiments  of 

ofwhich  it  is  polarised  by  reflexion,  Malus,  Dr.  Brewster  measured  the  po- 

sfuses  to  be  again  reflected  under  larising  angles  of  a  great  number  of 

"cumstances  above  described,  was  transparent  bodies,  and  found,  from  a 

ered,  in  1810,  by  M.  Malus,  a  careful  comparison  of  them,  that  they 

h   philosopher   of  distinguished  led  to  the  following  simple  law : — 

nee.  The  index  of  refraction  for  any  trans  - 

continuing  his  researches,  Malus  parent  body  is  the  tangent  of  its  angle 

that  black  marble,  ebony,  and  of  polarisation. 

opaque  bodies,  polarised  the  light  The  following  are  the  observations  by 

lexion  like  transparent  ones ;  and  which  this  law  is  confirmed, 
hen  the  lieht  RA  was  incident  on 

m  angle  below  or  above  55°,  only  oh«,^Pouji-«g  c.ic«.teaPo|. 

t  of  the  reflected   ray  was  po-  Air  ,        .        .    45°or47°     4o°(?32" 

I;  and  that  the  light  which  fell  Water  .         .        .53°  14'*        53°  11' 

the  second  surface  of  the  glass  Fluor  spar     .        .  54  50           55     9 

was  polarised  at  the  same  time  Obsidian       .        .  56     3          56     6 

bat  which  fell  upon  the  first  sur-  Sulphate  of  lime    .  56    28t        56   45 

He  found  the  an^le  of  incidence  Crown  glass  .        •  56    12           56  45 

water,  at  which  it  polarised  the  Rock  crystal          .  57  22           56   58 

nost  completely,  to  be  52*^  45',  and  Sulphate  of  barytes  57  47] 

igle  for  glass  to  be  55°  ;  and  he 58     0  >  58   33 

ided  that  the  property  by  which    58   29; 

\  polarised  light  was  mdependent  Topaz    .        .        .  58  40)         50   34 

other  modes  of  action  which  they    .        .        .  59     0/ 

upon  light.  Mother  of  pearl     .  58  47           58  50 

J  experiment  represented  in  y^.  12  Iceland  spar  J        .  58   51           58   51 

sceptible,  as   Dr.  Brewster    has  Spinelle  ruby         .  60   16           60   25 

I,  of  a  singular  and  pleasing  varia-  Zircon  .        .        .  63     8           63     0 

If,  in  the  position  shown  in  the  Glass  of  antimony    64   46           64   30 

,  when  the  ray  AC  is  not  reflected,  Sulphur         .        .  64    10           63  45 

he  body  from  which  it  proceeds  Diamond       .        .68     21 

are  not  seen  to  an  eye  at  E,  we  ■                     .        .  67    13>         68     1 

le  gently  upon  the  glass  E,  the  ray    .        .67     oj 

'ill  be,  as  it  were,  revived,  and  the  Chromate  of  lead  .  67   48           68     3 

'  or  body  from  which  RA  proceeds  j^  ^^  ^^^^^^1  ^^^  ^^  ^^^  ^^^^ 

Bcome  instantly  visible  JJherea-  considerable  intensity,  it  wiU  be  observed 

^l'"'  ^LJuJth^Zf^^^^^  ^^*t  the  reflected  jiencil  CE  does  not 

Dsiteduponthegli^ssbybreath^^^^^^  wholly  vanish,  and  that  the  remaining 

P**         °LZi^.  „!«.=  r  o.  ,„  ,n  according  as  the  angle  of  reflexion  is 

ve  now  place  the  glass  Cat  an  an-  ^^         f  ^^       the  polarising  angle. 

52=  45  to  AC.  then  it  «dl  reflect  ^hj,          i^^^d    liglu    Dr.  Srewster 

Uon  of  the  polarised  ray  to  the  eye  ^eribed  to  the  circumstance,  that  as  tlie 

;  but  If  we  breatoe  upon  the  glass  jjg.^^^„j           ^^  ^            subsUnce 

,e  reflected    ight  will  disappear,  ^g.^^^^   j^^    ^f    refr^ion.    they 

se  the  reflecting  surface  is  now  ^^^^j^  ^^^^  ^^  ,     ^^     ^^^^  ^^^  ^^ 

,  and  is  placed  at  an  angle  of    ■'        ° 

)'.  the  polarising  angle  for  water.  .  --.   .                ,  ,       u.      .•       ^    « 

.1        ,  r                 1.     •j I,  _iu„_  •  Tbu  11  .  mnn  of  fonr  obMrrationt  br   M 

therefore,  place  beside  each  other  utins,  M.  Arago.  m.  Wot,  *nd  Dr.  Brewiter. 

its  of  reflectors,  arranged  as  above  t  Mm.  of  dx  obMrrMioiii. 

bed.  we  may.  by  breathing  upon  J^SS.^^ '^^Ili.^if'.r^t;  ^SJ?. 

liaoent  plates  of  glass,  exhibit  the  fereatanmatka. 


:» 
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-.ir.^nrs.  If  we  now  calculate  tlie  an- 
z'jt  -rf rtniuruon  C  AK  corresponding^ to 
--•r  ini&x  1^25,  and  to  the  incident  lay 
B  A.  we  shall  find  it  to  be  S^*^  15'.  cv 
equal  to  the  complement  BAN  of  the 
;4d  aoDe  of  inddenoe,  and,  consequently,  to 
-'*y    D  A  >L    Hence,  since  M  A  K  is  a  right 

=   .».-.    .  -.^^^  .=^.    .  _..  T--  ^ -i    iz«:le.  D  AC  will  be  a  right  angle,  or 

L.i.-  zuzr.e^  Tict:  -izr  L^j:  .•  *«  jci  u    tiic  reflected  luv  is  perpendicular  to  the 
• :  :.  .^-.^  -^c  r-.-  v.-i  ...■=  is  -'.c  7»:-    re^rwx-i  ray.    tliat  these  properties  are 


:e  y:u*rsa:nic. 


Ill 


•:«ii  z-;i 


^1'  1 


f  ♦. 


^c  -:i_i; 


vTX 


^or.y  re- 


"T--  1   t 


rv:    i^ 


*     — 


GlA?i 


'  ':':  -^,1.'-.'  riv* 


Oil  c?  Ca?s:a. 


1* 


1  -  .^  •  ■ 
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•.=..'  -.  E  A  K  rciT>er^:v*:iI:ir 


F^:  ] ;. 


may  be  thus  shown  : — 
Si3ce  tans:.  B  A  £  =  m.  or  index  of  re- 

4^-:  u       /.T     BG    BG     „^ 

fcoc^vc  we  have  C  L  = = =-=■    But 

TO      EF. 

B  G 

H  B  =  ^—  tKcause  in  the  similar  trian- 

i^rs  A^BH.  AEF.  AH  or  BG-HB 
=  EF  :  RaJ.  consequently  CL=HB, 
ir.iBAN=CAK,  that  is, 

r^-  ;•  'nplrm'Tnt  ■./  the  polarising  art" 
^-.V  M  ijUJi  /..  Mr*  a.'i^ie  0/  rejraeiton, 

Bjl:  sa.c  E  AB-pB  AX  =  90^,  we 
huivc  EAB^CAK^90^  that  is, 

.■!r  i*^'  yK'idrisinsr  angle  the  mm  of 
th^  jn^tri  ''/ in:iii^nc*^  and refrctetion  tt 

And  sinoo  DAM  =  B AK  =  C AK, 
!:k  a:-lc  D  A  C  =  M  A  K,  that  is. 

n'hrn  a  ray  hf  light  is  polarised^ 
r-yixi-n,  the  nd'ctcd  ray  forms  a  tight 
iif;g!':  irith  the  re/riicfed  ray. 

P  hriijti  fi  '/  Light  at  the  Jtpcond 
Surt'.ires  '>/  Bodies. 

Hi'iierto  we  luve  considorcil  only  what 
t:ike>  j>l:u*e  at  the  first  surface  of  bodies ; 
but  wo  shall  find  that  the  siune  law  is 
appliciiblo  also  to  the  seoynd  sur/acet 
of  !x)dies. 

Let  M  N  P  Q.  Jig.  14,  be  a  plate  of 
dass,  AB  a  ray  incident  on  the  first 

Fig.  14. 


M 


.ft 


m:- 


Jiw 


iV 


to  M  N,  dc'scribe  round  A  n.s  a  ctmtrc 


or  11  .n.«l,i  1...  ,..,„.i  ,„  ,„„...  i,v  findiiiK  «ji«il  to  DAM.  bu  MCK  lf**!jb 
11.0  .u.<lr  Ml  «  t„l.U-  of  natural -JanKi'iits  .\i  AU :  hemv  the  whX  Mf"^"*™ 
f««-.x.s|.on.l.n«  to  1  a::,  in tl.o  column  of    to  the  wholo  D  AC  or  to  a ,  ^sStf 
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tritoHon  of  Light  at  the  separating 

surfaces  of  two  media, 
m  a  ray  of  light  is  incident  at  the  separ 
ig  sur&ce  of  bodies  of  different  re&uo- 
powers,  it  is  polarised  at  angles  whose 
;ent  is  equal  to  the  index  of  refraction, 
iliis  case»  if  m  is  the  index  for  the 
t  refracting  body,  and  m!  that  of  the 
:,  such  as  glass  and  water ,  then  the 
X  for  the  separating  surface  will  be 

ar  - —  =  1.1415,  which  is  the  tan- 
1^36 

of  48°  47'.    This  case  is  shown  in 
Fig,  15. 


15,  where  PQ  is  the  separating  sur- 
of  the  water  M  N,  and  the  glass 
?ath,  R  A  the  i-ay  incident  on  the 
irating  surface,  A  M  the  ray  reflected 
le  separating  surface,  and  A  C  the  ray 
icted  by  it.  In  this  case  the  ray  A  C 
'  be  shown  to  be  at  right  angles  to 
[  by  the  same  reasoning  already  ased. 
rom  this  law  a  curious  consequence 


is  deducible,  which  Dr.  Brewster  verified 
by  experiment  If  the  water  is  laid  in  a 
parallel  stratum  upon  the  sur&oe  of  the 
^lass,  there  is  no  angle  of  inddence  upon 
its  first  surface  at  which  it  can  Hall  that 
will  give  an  angle  of  incidence  upon  the 
separating  sur&ce  P  Q,  capable  of  po- 
larising the  pencil  In  short,  the  polar- 
ising angle  would,  by  the  law,  be  great- 
er than  90°.  The  polarisation  of  the 
incident  pencil  increases  from  0°of  in- 
cidence up  to  90°,  where  it  b  nearly  com- 
plete. 

Hence  we  see  the  reason  of  giving  the 
water  m  fig.  15  the  form  of  a  prism. 

If  glass  is  used  in  which  m= 1.508, 
then  the  angle  of  incidence  or  the  stra- 
tum of  water,  which  would  permit  the 
polarisation  to  be  complete  at  the  sepa- 
rating surface  of  the  water  and  the  glass, 
would  be  exactly  90®. 

Polarisation  of  Light  by  successive 

Reflexions, 
Although  there  is  only  one  angle  at  which 
incident  light  can  be  completely  polarised 
at  any  surlace,  viz.  an  angle  whose  tangent 
is  equal  to  the  refractive  index,  yet  by  re- 
flecting a  ray  of  light  a  sufficient  number 
of  times,  it  maybe  polarised  at  any  angle 
of  incidence.  This  property  of  light  was 
established  by  Dr.  Brewster  by  the  follow- 
ing experiments  made  with  glass,  whose 
index  of  refraction  was  1.525. 


len  tho  Angles  of  Incidence  are  oreatek  than 
the  maximum  Polarising  Angle  or  56°  45'. 

' . , 

iber  of  Reflexions  Angles  at  whicn  the 

essary  to  Polarise       Incident  Light  is  wholly 
e  Incident  Light.  Polarised. 

1  -  ...  56°  45' 

2 62  30 

3  -  -  -  -  65  33 

4 67  33 

5 69  1 

6 70  9 

7 71  5 

8 71  51 

9 72  30 

10 73  4 

27 77  40 

64 80  41 

100 81  57 

125 82  32 

1000 86  15 


When  the  Angles  of  Incidence  are  tiss  than  the 
maximum  Polarising  Angle  or  56°  45^ 

Number  of  Reflexions  Angles  at  which  the 

necessar^r  to  Polarise        Incident  Light  is  wholly 
the  Incident  Light.  Polarised. 

•  -  -    -  56°  45 


1 


2  -  - 

3  -  - 

4  -  - 

5  -  - 

6  -  - 

7  -  - 

8  -  - 

9  -  - 
10  -  - 
27  -  - 
64  -  - 

100  -  - 

125  -  - 

1000  -  - 


50 
46 
43 
41 
40 
38 
37 
36 
35 
26 
20 
18 
16 
8 


26 
30 
51 
43 
0 
33 
20 
15 
18 
39 
52 
11 
58 
46 


"he  numbers  in  the  preceding  table 
e  computed  by  a  formula  deduced 
a  the  observed  results  for  eight  re- 


lons. 


Q  the  preceding  experiments  the  suc- 
BYe  r^xions  were  made  between  two 
jes  of  glass  placed  parallel  tc  each 
sr;  but  Dr.  Brewster  obtained  the 


same  results  by  arranging  the  different 
glass  plates  so  as  to  form  the  circum- 
ference of  a  polygon,  each  plate  receiving 
the  ray  reflected  by  the  one  before  it 

It  is  not  necessary  that  the  reflexions 
should  be  all  made  at  the  same  anf^ 
Some  of  them  ma^  b^  ^Semss^  ^xA  %rrsi& 
bel0¥r  t]he  poUniftD^  vd^*.  ^sst  t£;:ufeSBE^feH 


19  POLARISATION  OF  LIGHT. 

two  reflexions  at  an  an^  of  62°  30^,  the  an|^  of  maximum  polarisation,  and 

which  is  above  the  polarising  angle,  and  the  tai^nt  of  this  angle  will  be  the  index 

60®  26',  which  is  below  it,  will  also  po-  of  refraction.     If  the  substance  is  soft 

larise  the  incident  ray,  or  it  may  be  or  fusible  by  heat,  we  may  imprcM  upon 

done  by  several  reflections,  each  reflec-  it  a  plane  sur&ce  with  a  flat  piece  of 

tion4)eing  made  at  a  different  angle,  glass ;  or  if  a  surfiace  cannot  be  obtained, 

Dr.  Brewster  likewise  determined  that  as  in  the  case  of  animal  or  vegetable 

the  same  law  prevailed  at  the  separating  membranes,  we  may  press  them  with 

surface  of  glass  and  water.  great  force  between  two  prisms  of  glass. 

On  the  State  of  Light  partiaUy  !fliftt!^ilPS!^ 

*  v«^    c      y      J  the  fiflass.    In  the  case  of  flmds,  which 

When  a  w  of  light  is  incident  on  a  polar-  ^^  ^^^  ^3^^^  ^  1^^^  ^^^^  or  which 

lang  medium,  at  an  angle  greater  or  less  ^^^  j^  ^^  ^^  quantities  to  be  put 

than  the  angle  of  complete  pdansation,  a  j^^  ^  ^^^^  or\joh^  exposed  to  eva^ 

portion  of  It  IS  completeljr  jjolansed.  and  y^^i^n,  we  have  only  to  place  them  on 

this  polarised  oortion  diminishes  from  the  ^he  lower  surface  of  a  pnsm,  and  mea- 

polansmg  angle  on  one  side  too  of  inci-  g^re  the  polarising  angle  at  the  sepaiat- 
dence;  and  on  the  other  to  90  .when  ^t  ^^^    Th?tangent  of  this  angle 

disappears.  The  other  portion  of  light  has  m 

been  regarded  by  Malus,  Biot,  Arago,  will  give  — „  and  m  being  known  for 
Fresnd,  Dr.  Young,  and  others,  as  in  the  *t.  n  l       ^        *** 

state  of  common  light,  and  this  opinion  glass,  we  shaU  have  w  =  ^        ^ 

has  been  deduced  fh)m  speculative  views  r-t^       >.^j  a      -a     n 

and  some  insulated  expemnents,  the  re-  ^*5^^  refracted  previous  to  tU  Re- 
suits  of  which  are  incompatible  with  the  >^^o«.  and  PoUmsed  by  bodies  at 
preceding  faotsrespecting  the  polarisation       on  angle  of  45,  ,*    ^  ., 

of  light  by  succ^Sve  refleiions.    The  ?^^,  V?   ^"^P?^.  ^^vdt  of  the 

chaiScter  of  common  light  is,  that  it  ^J^  ^^   the  tar^nts  which  Dr.  Brew- 

cannot  be  polarised  by  one  reflexion  at  !*«''   ^.  dedut^.    namely,   that    the 

any  other  ingle  of  incidence  than  one.  {^^  'H^tK^'^''^  refractionextends 

wi,  the   maximum    polarisinjr    an^le,  ^X^"/*  that  which  produces  reflexion, 

which  for  glass  is  56°  4^.    Buttheli^ht  and  therefore  that  Wjt  ls  polarised  after 

under  our  consideration  has  received  a  '*  V^  suffered  refraction,  and  that  the 

physical  change,  which  enables  it  to  be  f^  angle  of  polarisation  in  every  body 

polarised  by  a  second  or  a  third  reflexion  *»  "^^  •  Let  M  N,  Jig.  1 6,  be  the  surface 
at  a  greater  and  a  less  angle  than  56°  45'. 
For  example,  a  pencil  of  liii:ht  reflected 
fix)m  glass  at  an  angle  of  70°,  contains 
a  small  quantity  of  polarised  lis:ht.  which 
we  may  call  p,  and  a  lan;c  quantity  of 
other  light,  which  we  may  call  P.  The 
light  P  will,  after  six  reflexions,  have 

suffered  such  a  physical  change, /Aa/ t^  1^[  it  ...x'^^^T^S" 

is  capable  of  being  wholly  polarisfxl  by  ^~^"^f^;^' -^~>"     "  ";  ' 

ONE  reflexion  at    70^  whereas  such  a  p 

;rnSni^n"±nTl^t  "^Tirn^^^''"^  ^f  the  body.  O  P  the  termination  of  the 

one-fiflh  of  common  li^ht     Theontanal  attractive  force  which  pixKluces  refraction, 

pencd  of  common  light  lias  suttered  a  ^^^  ^^^  ^^,  \y^^  ^^^  ^^^^^i 

chan^    at    eveiy  successive  reflexion.  ^^    ^^  ^  J^ 

which  bnngs  it,  at  the  sixth  reflexion,  ^         ,        ^  ^         .    ^       (.        , 

into  the  state  of  polarised  hffht.  ine  sunace  min.   ana   ajter    tne    ai- 

m  1  w  urc  aittic  ui  i^v^ioaiacu  lo^iii.  tnictivc  foTCc  has  produccd  one  half  of 

Determination  of  refractive  Powers  the  whole  deviation  due  to  it.    Let  a  ray 
by  the  Polarising  Angle.  RG  be  incident  at  G  at  the  polarising 
The  law  of  the  polarisation  of  lig:ht  alx)ve  angle ;  let  G  B  be  the  refracted  ray  sub- 
explained  enables  us  to  measure  the  refrac  sequently  reflected  at  B  to  A,  and  re- 
tive  powers  of  Ixxiies  which  are  not  trans-  fr-acted  again  at  A  S.     Continue  S  A 

rjnt,  and  which  could  not,  therefore,  to  C.  and  F  B  to  D.    Then,  since  half  of 

submitted  to  the  ordinary  process,  the  reftwjtion  is  supposed  to  be  performed 

and  of  small  fragments  of  minerals  and  before  the  ray  reacnes  B,  and  half  of  >t 

other  substances.    If  the  substance  has  a  after  it  enters  the  body  M  N,  we  luve 

plane  and  poh'shed  surfiace,  we  have  only  BAG  equal  to  D  B  C,  or  to  half  the 
to  place  it  on  a  goniometer,  and  measvxxe  «x^  oi  ^iero^aocu    Eul  AD  B  ii  a 
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n^t  angle ;  hence  A  B  C  is  likewise  a 
right  ani^,  and  the  angles  A  B  E,  G  B  £, 
each  half  a  ri^ht  angle,  or45°.  The  effect 
of  the  refracting  force  consequently  has 
hecn  merely  to  hend  the  ray  of  light  R  G, 
so  as  to  make  it  suffer  reflexion  at  the 
particular  angle  of  45^. 

Chapter  III. 

Polarisation  of  Light  by  ordinary  Re- 
fraction— Experiments  o/Malus — of 
Dr.  Brewster — Laxo  of  the  Polarisa- 
tion of  Light  transmitted  through  a 
Number  of  Plates — Condition  of  the 
Light  transmitted  through  one  or 
more  Plates. 

Hitherto  we  have  paid  no  attention  to 
<fae  state  of  the  ray  A  C,  fig.  13,  refracted 
by  the  transparent  surface. after  the  part 
separated  from  it  by  reflexion  had  been 
nolarised.  It  might  naturally  have 
been  expected  that  it  had  suffered 
some  chan^  in  its  properties;  but  it 
was  not  tm  1811  that  it  was  disco- 
vered that  it  contained  a  portion  of 
polarised  light*. 

This  property  will  be  better  understood 
if  we  make  use  of  a  bundle  of  glass  plates, 
AB,  C  D,/^.  17,  placed  parallel  to  one 

Fig.  17. 


we  shall  find  tliat  it  will  refrise  to  be 
reflected ;  whereas  A  B'  does  not  refuse 
to  be  reflected,  unless  the  plate  M  N  is 
.turned  round  90^  into  a  plane  at  right 
angles  to  the  plane  of  refraction  B  A'E. 
Hence  we  conclude— 

That  when  a  ray  of  light  is  incident 
at  the  polarising  angle  upon  any  trans- 
parent body,  the  whole  of  the  reflected 
ray  is  polaiised;  and  a  nearly  equal 
portion  of  the  transmitted  ray  is  polar- 
ised in  a  plane  at  right  angles  to  the 
polarisation  of  the  reflected  ray*. 

If  we  now  take  two  bundles  of  glass 
plates  A  B,  C  T>,flg<  18,  and  place  them 
m  a  similar  position,  so  that  the  planes 

F\g.  18. 


tnother.  Let  a  ray  R  A,  therefore,  fall 
i^n  the  first  plate,  A  B,  of  this  bundle, 
at  the  polarising  angle,  so  that  the  re- 
flected ray  A  B'  will  be  polarised.  The 
transmitted  ray  E  F,  emerging  at  E, 
will  be  found  to  be  completely  polarised ; 
but  if  we  receive  it  upon  a  piate  of  glass 
M  N  at  the  polarising  angle  of  56^  45\ 

*  Tbw  diMoreiy  was  made  by  Malog.  M.  Biot 
aade  the  Mune  Uiseorerr  about  the  itame  time ,  and 
im  1818  Dr.  Bremiter  diseovered  the  name  fact  by  * 
iMMMBt  icethod,  and  hi«  Paper  on  the  subjrct  wan 
iMid  to  tlw  Roral  Society  of  London  before  he  knew 
All  llalBi  kM  antieiMttd  hm  in  the  disooreijr. 


of  refraction  in  each  are  parallel  to  one 
another,  then  a  ray  of  light  R  S,  incident 
at  the  polarising  angle,  and  polarised  at 
*T  by  the  first  bundle,  will  penetrate 
the  second  bundle  as  at  T  P ;  and  not  a 
single  ray  of  it  will  be  reflected  by  the 
plates  of  the  second  bundle  C  D.  If  we 
now  turn  C  D  round  its  axis,  the  trans- 
mitted light  PV  will  gradually  diminish, 
and  more  and  more  light  will  be  reflected 
by  the  plates  of  the  bundle,  till,  after  a 
rotation  of  90®,  the  ray  P  V  v*rill  disappear, 
and  all  the  light  will  be  reflected.  By 
continuing  the  rotation  of  C  D,  the  pencil 
P  V  will  again  appear,  and  be  a  maximum 
at  180®,  a  minimum  at  270®,  and  again  a 
maximum  at  0°,  when  it  has  returned  to 
its  first  position. 

In  order  to  determine  the  law  of  the 
phenomenon,  Dr.  Brewster  provided  him- 
self with  47  .plates  of  crown  glass,  and, 
having  formed  them  in  succession  into 
bundles  of  47,  44,  41,  &c.  plates,  he 
measured  the  angles  at  which  the  trans 
mitted  ray  was  wholly  polarised,  and 
obtained  the  following  results  :— 

Ohtervtd  Angles 
at  whidi  they  vo. 
htfiMHl  tht  Ucht. 

79®  11' 

76.  33 
74.  0 
71.  30 
69.  4 
G6.  43 


^ichBiSS.*"      CleiiUlWAi.,!... 

8         .      78®52' 


10 

.       76.  24 

12 

.      74.     2 

14 

.      72.  15 

16 

.      69.  40 

18 

.      66.  43 

21 


63.  39 


63.  21 


*  According  to  an  expffiotent  by  M.  Arago,  tN« 
one  portion  is  exactly  e«iaal  to  the  other;  bat  ibcM!|Jk 
this  IS  probable,  we  ibvaV.  \V«  ^xyKrvtOituX  \««siax«v  >a 
be  repeated  HAdeT  a>»e\\et  lorau 
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•MhBawUc 

i 

CalraUMd  Anglw. 

■t  vMih  thi7 
UdMdthtUi 

24 

61°  0' 

60°   8 

27 

56.  58 

57.  10 

29 

54.  50 

55.  16 

31 

53.  16 

53.  28 

33 

51.     0 

51.  44 

35 

50.  23 

50.     5 

39 

46.  50 

47.     I 

41 

45.  49 

45.  35 

44 

44.    0 

43.  34 

47 

42.     0 

41.  41 

From  acomparison  of  the  numbers  in  the 
second  column,  it  will  be  found  that  the  co- 
tangents of  the  polarising  ambles  are  to  one 
another  as  the  number  of  plates  by  which 
the  polarisation  is  effected.  Hence  if  N ,  n 
represent  the  number  of  plates  in  any 
two  parcels,  and  A,  a  the  angles  at  which 
the  pencil  is  polarised,  we  have 

N  :  n  =  cotang.  A  :  cotang.  a  and 

N  (tang.  A)  =  n  (tang,  a) 
that  is.  The  number  of  plates  in  any 
bundle,  multiplied  by  the  tangent  of  the 
arifrle  at  whtch  it  polarises  the  tranS' 
mitted  pencil  is  a  constant  quantity. 
For  crown  glass,  this  constant  quantity 
is  41.84,  when  the  light  is  that  of  a 
good  wax  candle,  plac^  at  the  dis- 
tance of  about  12  feet.    Hence  we  have 

tanir.  A  =  :  that  is,  divide  the  con- 

stant  quantity  by  any  given  number  of 
plates,  and  the  (juotient  will  be  the  natural 
tangent  of  the  angle  at  which  light  will  be 
poliinsed  by  that  number  of  plates.  The 
constant  quantity  diminishes  with  the 
refractive  power  of  the  plates. 

When  bght  is  transmitted  throuffh  one 
plate  of  glass,  or  through  several,  at  an 
anp:le  of  incidence  less  than  that  which 
polarises  the  whole  jiarcel,  the  trans- 
mitted light  will  consist  of  two  parts: 
one  P  wholly  polarised,  and  another  p 
which  has  suffered  a  physical  change, 
approaching,  more  or  less,  to  that  of 
complete  polarisation.    According  to  the 

f)peceding  Table,  1 6  are  rcfjuiri'd  to  po- 
arise  completely  a  pencil  of  light  at  an 
ancle  of  incidence  of  69°;  and  12  plates 
will  not  polarise  the  whole  jx»ncil  at  69°, 
but  leave  a  portion  p  unpolarisecL  Now, 
if  the  liirht  p  were  wholly  unpolarised 
like  common  lijjht,  they  would  retiuire  to 
pass  throuc:h  otlier  16  plates,  at  an  ani^le 
of  69° ;  but  the  fact  is  that  they  require 
only  to  pass  through  other  8  plates  at 
an  angle  of  69°,  in  onler  to  1x5  com- 
pletely polarisetl.  They  have,  therefore, 
Deen  (uuf  polarised  by  the  first  8  plates, 
«nd  the  polarisation  completed  t)vthe 
Qther8. 


Chaptbr  IV. 

Polarisation  of  Light  by  Double  Re^ 
fraction — Malus's  FormukB  for  the 
Intensity  of  the  Pencils, 

In  treating  of  the  double  refraction  of  light 
by  Iceland  spar,we  alluded  only  to  the  wpa- 
ration  of  the  two  images ;  but  when  we  ex- 
amine the  light  which  forms  the  two  pen- 
cils eel,  00,  fig.  2,  we  find  that  thc^  are 
both  composedwholly  of  polarised  u^t, 
the  light  of  the  one  being  polarised  in  a 
plane  at  right  angles  to  tlmt  of  the  other, 
m  the  same  manner  as  the  pencils  A  B', 
EF,  fig.  16,  reflected  from,  and  trans- 
mitted throi^,  a  bundle  of  ^lass  plates. 
The  discovery  of  the  opposite  poiarisar 
tion  of  the  two  pencils  was  made  long 
ago  by  Huygens,  and  the  leading  pheno- 
mena accurately  described  in  his  "  Trea- 
tise on  Double  Refractioa"  Take  two 
rhombs  of  Iceland  spar  MN,  y^.  19, 

Fig,  19. 


which  are  not  intersected  l^  planes  that 

Eroduce  colour  in  a  luminous  body,  and, 
aving  fbced  on  the  surface  of  one  of 
them  a  round  aperture  at  B,  not  more 
than  one  twentieth  of  the  thickness  B  D 
of  the  rhomb,  place  behind  it,  or  close 
to  it,  a  similar  rhomboid  N,  similarly 
situated,  with  all  the  faces  of  the  one 
parallel  to  all  the  faces  of  the  other,  as 
if  they  formed  one  piece.  The  single 
rhomb  M  will  separate  the  images  as 
shown  at  A,  fig.  20;  but  if  the  eye  ir 
placed  behind  the  two  at  FH,  it  will  see 
two  distinct  round  apertures,  separated 
from  one  another  and  of  equal  brightness, 
as  shown  at  B,  fig.  20.  If  we  now  turn 
the  rhomb  N  nearest  the  eye,  from  left 
to  right,  two  faint  images  will  appear 
as  shown  at  C;  continuing  to  turn, 
the  four  images  will  be  all  equally  lumi 
nous  as  at  D;  they  will  then  become 
as  at  E  ;  and  when  the  crystal  N  has 
turned  round  90°,  there  will  be  only 
two  imaji^s  of  equal  brightness  as  at  F. 
Continuing  to  turn,  other  two  funt 
VmaieeswUl  appear  as  at  Q;  bitfaeron 
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fhe  four  images  will  be  all  equal,  as  at  H  ; 
farther  on  at  I,  they  will  become  uip 
equal;  and  at  180^  of  revolution,  they 
Ml  all  coalesce  into  one  bright  image, 
asat  IL 

Fh>m  these  results,  it  follows,  that  in 
the  position  of  the  two  rhombs  shown  in 
1^.  19,  which  are  separated  a  little,  and 
imae  the  planes  of  the  principal  sections 
are  parallel  to  each  other,  the  pencil 
D  C,  which  was  regularly  or  ordi- 
narily refracted  by  the  first  rhomb  M, 
has  not  suffered  double  refraction  by  the 
second  rhomb  N,  but  has  only  suffered 
ordinary  refraction  in  tlie  line  G  H,  and 
emerges  as  a  single  pencil  corresponding 
to  one  of  those  at  ^.fig-  20 ;  while  the  pen- 
cil C  E,  which  was  extraordinarily  refract- 
ed by  the  first  rhomb  M,  is  now  onlyextra- 
or^nanly  refracted  by  the  second  rhomb 
N,  and  emerges  as  a  single  pencil  corre- 
sponding to  the  otlier  at  ^flg-  20.  After 
a  rotation  of  90°,  when  tlie  planes  of  the 
principal  sections  are  at  right  angles  to 
one  another,  two  images  are  only  seen  as 
at  F ;  but  in  this  case  the  ray  D  &,  which 
proceeds  from  the  ordinary  refraction, 
nfferB  only  the  extraordinary  refraction 
inGH;  and  the  ray  CE,  which  pro- 
ceeds from  the  extraordinary  refraction^ 
wffets  only  the  ordinary  refraction  in 
ET.  In  cdl  other  positions  beside  these, 
in  which  the  planes  of  the  principal 
lections  of  M  and  N  arc  parallel  and 
0/  right  angles  to  each  other,  each 
of  the  rays  C  £,  D  G,  are  divided  into 
two,  as  shown  at  D,   C,  G,  H,  I,  E, 

/fer.20. 

The  four  images  thus  described  may 
be  expressed  in  the  following  manner : — 
O  the  pencil  refracted  ordinarily  by  the 

first  rhomb. 
0   the  pencil  refracted  ordinarily  by  the 

second  rhomb. 
E  the    pencil  refracted  extraordinarily 

by  va&  first  rhomb. 
e  the  pencil  refracted  extraordinarily  by 

the  second  rhomb. 
Then  the  pencils  which  actually  emerge 
at  F,  H  will  be  thas  expressed : — 
Oo  the  pencil  refracted  ordinarily  by 

both  rhomboids. 
Oe  the  pencil  refracted  ordinarily  by 

Vbe first,  and  extraordinarily  by  the 

setxmd. 
Bo  the  penal  redacted  extraordinarily 


by  the  first  and  ordinarily  by  the 

second, 
E  e  the  pencil  refracted  extraordinarily 

by  both  rhombs. 
Then,  according  to  Malus,  if  we  sup- 
pose L  to  be  the  intensity  of  the  light 
mcident  at  B,  and  a  the  angle  formed 
by  the  principal  sections,  and  set  aside 
the  consideration  of  the  hght  lost  by  re- 
flexion and  absorption,  we  shall  have 

O  0  =  i  L  cos,  •  a  =  E  c 
0<?  =  iLsin.«a  =  Eo,  and 
Oo  +  Otf  +  Eo+Etf  =  L. 

Chaptbh  V. 

Description  of  Apparatus  for  EoppeH- 
ments  on  Polarised  Light, 

Having  thus  described  the  various 
ways  by  which  common  light  may  be 
polarised,  we  must  now  describe  the  dif- 
ferent kinds  of  ap|)aratus  which  are 
necessary  for  investigating  the  wonderful 
phenomena  whicli  next  demand  our  at- 
tention. There  are  two  different  kinds 
of  apparatus — one  for  polarising  light, 
and  another  for  analysing  polmsed  li^ht, 

1.  Single  Reflecting  Planes, — Light 
may  l)e  conveniently  polarised  by  a 
single  plate  of  any  transparent  body 
without  double  refraction,  such  as  glass, 
obsidian,  ebony ;  or  by  a  simrle  surface 
of  water,  oil,  treacle,  any  vamTshcd  body 
or  any  oniinary  crystallised  surface.  But 
in  selecting  any  plate  or  surface,  it  should 
\ye  one  which  has  a  low  dispersive  and 
refractive  power;  for  it  is  only  in  tliis 
case  that  the  reflected  light  will  be  com- 
pletely polarised.  Glass  of  antimony, 
oil  of  cassxa,  flint  glass  of  high  refractive 
power,  coloured  or  stained  glasses,  are 
all  unsuitable  for  this  purpose.  A  plate  of 
thin  well-annealed  crown  glass  (if  with 
parallel  surfaces,  so  much  the  better) 
will  answer  for  ordinary  experiments. 

2.  Reflecting  Bundles  of  Glass  Plates, 
— When  a  great  deal  of  light  is  required, 
which  is  frequently  the  case,  especially 
when  we  use  the  microscope  for  examin- 
ing imperfectly  transparent  bodies,  from 
one  to  sixteen  plates  of  the  clearest 
and  thinnest  annealed  glass  should  be 
plaoed  in  a  frame,  having  tlieir  surfoieK.^ 
well  washed  wvA.  ^^i^wwe^  ^w^i^  ^x«^ 
chamda  \ett\3nftT,  'Wvot  «^%  \n»^ 
then  Y)e  coveted  vrvNJcv  soxoft  ^esstf£c^  «^ 
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with  wax,  so  that  no  dii«t  may  introduce 
itself  between  the  [datei.  If  the  gtasa 
is  thin  and  nith  little  colour,  the  li^t  re- 
flected from  its  surface  will  be  as  Driglit 
aa  that  reflected  from  a  quicksilveried 
mirror,  aiid  will  connst  whdly  of  polar- 
ised li^ht,  when  the  rays  are  incident 
upon  it,  at  the  polarisin?  angle.  The 
light  transmitted  may  be  flso  used. 

3.  Bf/lecting  BundUt  0/ Blown  Glau. 
—As  it  is  extremely  difficult  tu  obtain 
thin  plates  of  clear  and  colourless  ^ass, 
even  if  we  take  flint  glass,  which  is  not 
desirable  from  its  high  dispersive  power, 
we  raay  substitute  in  their  place  films  of 
glass  blown  to  the  utmost  thinness,  and 
place  them  in  a  trough  between  two 
plates  or  the  ttunnest  ^ass.  The  lii^t 
transmitted  through  this  bundle  may 
be  also  used. 

4.  Eiiflccting  Bundles  (i/Miai.— Take 
a  piece  of  clear  and  transparent  mica, 
as  colourless  as  nussible,  and  cut  it  into 
the  form  of  a  right  angled  parallelt^ram, 
whose  sides  are  pamJlel  and  perpendi- 
cular to  the  plane  passing  throiurh  it'- 
rusidtant  axes".  Hold  it  by  an  edjfc  in  a 
powerful  vice,  and  with  a  lancet,  or  a 
thin-bladed  knife,  split  it  into  ten  or 
ttvelve  lamiuH',  or  more  if  necessary. 
Before  taking  it  out  of  the  vice,  cover  ml 
its  edges  with  a  coating  of  wax  or  strong 
cement,  so  that,  after  tlie  lamina;  are 
separated  from  one  another,  they  may 
have  the  same  relative  position  asDcfure 
their  separation.  This  bundle  of  mica 
films,  when  taken  out  of  the  vice,  is 
one  of  the  Ix^t  means  of  pdahsing  light 
ti'.at  can  be  used  ;  but  the  light  must  be 
iwlariscd  by  refliixion  in  a  plane  parallel 
to  either  (if  tiie  sidt's  of  the  bundle. — 
T\v!  best  is  that  which  is  perpemliatlar 
to  the  plane  passing  through  the  re- 
taltaiit  arc*.  Tlie  light  transmitted 
tluough  this  bundle  being  also  perfectly 
polarised,  may  be  used  with  great  ad- 
vantage. 

!.  Doubly-rffracting  Cryst-ils  of  great 
Tkicknesi. — When  we  can  obtain  a 
thickness  of  from  three  to  six  or  mure 
inches  of  colourless  calcareous  spar,  it 
forms  one  of  tlie  most  valuable  pieces 
of  polarising  apjiaratus.  We  have  only 
to  )i1ace  on  om  of  the  sides  that  contains 
the  ereatest  tliickness,  a  circular  ajwrture 
just  OS  large  as  that  the  two  images  of 
if  may  not  overlap  each  other.  We 
shall  Ihushavetwocircularareasoflight  - 
which  are  polarised,  the  one  in  one  plane, 
and  (fte  other  in  a  plane  a\  tkJi^  an^cs  '' 
to  it ;    and  by  means  oT  a  am«\  or  «. 


black  wafer  we  can  cover  iip  the  one 
circular  space,  when  we  leouire  only  tne 
kind  of  polarised  light 

6.  Doubly-T^raelingPrumMofle^ajti 
Spar. — As  it  is  noteaiv  toproeure  lane 
and  pure  masses  of  IceUnd  spar,  aaufi- 
eient  separation  of  tl^  iuiagM  may  be  ab> 
tained,  by  selecting  a  piece  witli  one  good 
natural  surface,  aiid  grindine  down  the 
other,  so  that  the  common  intersection  u( 
the  two  faces  of  the  prism  may  be  per- 
pendicular to  the  axis  or  the  plane  at 
refraction,  coincident  with  the  plane  of 
its  principial  section.  The  colour  of  the 
images  may  be  nearly  currected  b)'  ■ 
pnsm  of  crown  or  flint  glass*.  By  in. 
creasing  the   refracting  andc   of  Lhe 

E'sm,  tlie  separation  of  the  images  aaj 
increased  at  pleasure.  Tlie  ubJN- 
tion  so  often  made  to  the  use  of  ptisnii 
of  Iceland  spar  is  not  well  founded;  for 
it  is  capable  of  taking  an  admirabb 
polish,  equal  indeed  to  its  original  mr 
bee ;  and  even  if  the  operator  in  not 
skilful  in  the  art,  the  polish  may  be 
made  perfect,  and  the  surface  pretenvd 
from  injiirj',  l)y  cementing,  on  tlw  tiro 
surfaces  of  the  prism,  two  pieces  of  pun 
and  ]iarallel  glass.  When  the  laino 
IS  rendered  achromatic,  indeed,  byaj^lut 
prism,  the  latter  ^rv-es  for  one  of  th 
plates  of  glass,  and  one  plate  only  is  t«- 
quired  for  the  other  surface.  We  luve 
had  jMisms  of  this  kind  which  h»n 
lasted  fifteen  years,  though  exj>o«ed  &j 
constant  use.  The  separation  of  tin 
images  will  be  a  maximum  with  Ite 
same  refracting  angle  if  the  face*  rf 
the  prism,  or  their  common  interserti«<H, 
are  parallel  to  the  axis  of  doulde  n^ 
fraction. 

/.  DouUs-rr/raeling  Prisma  of  Ridt 
Crgtlal. — The  following  ingenious  me 
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thod  of  getting  over  the  small  double  the  double  refraction  of  the  two  prisms 

refraction  of  rock  crystal  has  been  used  the  same)  the  hne  o  e  will  fall  as  far 

by  Dr.  Wollaston.  short  of  the  original  line  m  it,  as  «  o  sur- 

'*  Let  A  B  C  D  a6ct/  E  FG  H  efgh  passes  it,  viz.  by  a  quantity  equal  to  the 

{Jif,  20.)  be  t^vo  halves  of  a  hexagonal  distance  between  the  two  first  images 

pnsm  of  quartz  (the  form  it  att'ects),  o  and  e ;  so  that  the  distance  between 

produced  by  a  section  parallel  to  two  of  the  twice  refracted  images,  is  double 

the  sides.     In  the  vertical  face  AD(f  a  that  of  those  which  have  undergone  only 

draw  any  line  L  K  parallel  to  the  sides,  one  refraction*." 
and  therefore  to  tlie  axis  of  the  prism,        8.  Single  linage  Prisms  of  Iceland 

(which  is  also  that  of  double  refi-action,)  Spar. — Prisms  of  this  kind  were  first 

and  join  C  L.  c  A.  used  by  Dr.  Brewster.     The  method 

"  Then  a  plane  CL  Ac  will  cut  off*  a  of  making  them  is  to  roughen  as 
prism  C  L  K  J  c  D,  bavins:  L  A,  D  d^  or  much  as  possible  the  two  surfaces,  or 
C  c,  for  its  refracting  ed^*s,  either  of  even  one  surface,  of  a  prism  of  Iceland 
which  is  parallel  to  the  axis.  Aijain,  in  spar,  and  to  cover  it  with  grooves.  A 
the  other  half  of  the  prism  join  £/  and  fluid  or  balsam  viiXh  the  same  refractive 
H^,  and  cut  the  prism  by  a  plane  index  as  the  ordinary  ray,  is  tlwn 
passing  tlirough  these  lines ;  then,  re-  placed  between  the  rough  suriface  of  the 
yarding  eitlier  portion  as  a  double  spar  and  a  plate  of  glass.  This  polishes, 
refracting  prism,  having  for  refracting  as  it  were,  the  surface  for  the  ordinary 
edges  the  lines  E  H,/j^,  these  will  have  ray,  and  allows  it  to  pass  through  un- 
the  axes  of  double  reifraction  perpendi-  interrupted,  in  consequence  of  the  spar 
cular  to  their  refractinf;  ed^s ;  and,  in  and  the  fluid  having  tne  same  index  of 
particular,  the  axes  will  be  in  tlie  fact^s  refraction  for  that  ray.  The  extraor- 
HEtfA,  or  YGgf  at  riirht  angles  to  dinary  ray,  on  the  other  hand,  is  scat- 
H  E  or  Z*^.  If,  then,  we  take  care  to  tered  in  all  directions  by  reflection  at  the 
make  the  refracting  ancrle  C  L  D  of  the  separating  surfaces  of  the  grooves  and 
prism  C  L KrfeD  equal  to  tliat  of  the  the  fluid,  and  totally  disappears,  leaving 
edge  H  E  of  the  prism  H  E  e/gh;  and  only  the  ordinary  image.  But  as  there 
if  we  make  tliesi*  two  prisms  act  in  is  no  proper  oil  or  fluid  of  such  a  high 
opposition  to  each  other,  placing  the  refractive  power  as  1.654,  it  is  better 
edge  H  E  opposite  to  D  d,  and  the  edge  to  take  an  oil  of  the  same  refractive 
h  e  opposite  to  K  L ;  and  having  thus  index  as  that  of  the  extraordinary  ray, 
brought  the  t>vo  surfaces  Dhkd  and  for  the  surface  which  is  roughened  If 
HE  eh  in  contact,  cement  tliem  toge-  the  oil  does  not  exactly  suit  the  surface, 
ther  with  mastic,  or  Canada  balsam,  it  a  slight  inclination  of  the  prism  one  way 
is  evident  that  their  principal  sections  or  another,  will  produce  the  adjustment 
will  beat  right  angles  to  each  other;  and  When  this  is  done,  we  shall  see  the  ex- 
therefore  only  two  imagi»s  will  be  formed,  traordinary  image  quite  distinct,  while 
the  whole  of  the  extraordinary  ray  of  the  ordinanj  image  has  wholly  disap- 
the  one  prism  passing  into  the  ordinary  pruned.  For  ordinaiy  purposes  this 
image  ofthe  other,  and  ric<fwr«(/.— Now,  prism  is  perfectly  sufficient,  but  for 
to  see  how  this  acts  to  double  the  sepa-  others  it  will  not  answer  so  well,  as  the 
ration  of  the  imaeres.  let  us  conceive  m  n  nebulous  light  seen  all  round,  is  polarised 
to  be  a  luminous  line  viewed  through  in  a  plane  opposite  to  that  of  tlie  ex- 
one  of  the  prisms,  with  its  ecUje  down-  traordinary  image, 
wards  and  liorizontaL  It  will  be  sepa-  9.  Agate  Plates  and  Microscopes.— 
rated  into  two  images,  e  and  o,  the  one  Among  the  bodies  of  the  mineral  king- 
more  raised  tlian  the  other.  Suppose  dom.  Dr.  Brewster  found  agate  to  be 
the  ordinary  image  to  Ixj  most  refracted,  one  which  gave  onl^r  one  distinct  image,  all 
Tlien,  if  we  interpose  tlie  otlier  prism  the  light  of  which  is  jwlarised  in  one  plane, 
with  its  edge  upwards,  both  these  He  therefore  used  it  in  his  experiments, 
images  will  be  refracted  downwanis ;  Agate  microscoiws,  or  plates  of  agate 
but  the  ordinary  image  o,  wliich  was  plat^  close  to  a  single  microscope,  may 
before  most  raised,  now  undeixoing  ex-  te  very  advantageously  used 
traoi^inary  refraction,  is  least  depressed,  1 0.  Tourmaline  Plates.  — M.  Biot  and 
and  comes  into  the  position  o  e,  while  the  M.  Seebeck  discovered  that  certain  yellow 
extraordinary  one  e,  which  was  before /«!**  ish  tourmalines,  that  is,  those  which  are 
raised.  Is  now  most  depressed,  and  comes  yeUo^ish  by  refracted  light,  transmitted 
into  the  situation  eo;  finditls  evident,  onhf  one  yfeTwrOi  \>^j^tn&\A  \xi  ^^>r.  we&te 
that  (the  refractingan^eBlx^equal^iiA  •Mx.YUmVud%TTtniVM«iiU«^ 
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?^''^*?P!5^*°^'l!^  It 

has  been  muchusedinexpenmeiitsoii  po- 
larisation ;  but  owing  to  the  ooiiour  wfaidi 
it  produces,  it  is  Of  no  use  whatever  in 
researches  where  the  phenomena  of 
colour  are  to  be  studied.  When  two 
plates  of  tourmaline  or  agate  are  placed 
m  rectangular  positions,  not  a  ray  of 
light  is  transmitted  through  them,  not 
even  the  light  of  the  meridian  sua 

By  using  any  of  these  pieces  of  ap- 
paratus, we  can  at  all  tunes  produce 
either  a  ray,or  a  broad  beam  of  polarised 

Sht;  but  when  the  structure  cf  crys- 
lised  or  organised  bodies  is  examined 
by  observing  their  affections  under 
polarised  li^t,  the  light  transmitted 
tlirough  \}mr  substance  requires  to  be 
analysed  by  a  reflecting  plate,  or  a 
doubly  relucting  prism,  or  a  nlate  of 
tourmaline  or  agate  which  has  tne  pro- 
perty of  reflectmg  or  transmitting  one 
portion  of  the  polarised,  and  allowing 
another  portion  to  be  seen  which  was  in 
a  state  of  combination  with  the  first 
portion.  The  use  of  these  analysing 
plates  in  prisms  will  be  better  under- 
itood  from  the  following  chapter. 


Chaptb&VL 

Colours  produced  by  th§Aaifm  of  CrfB- 
taUited  Bodies  upon  Pokarieed  lAgkt 
— Syitema  of  ttinge  produced  by 
Crystals  with  one  Axis  of  Double  Re- 
fraction— Negative  System  of  Rings 
-—Positive  System  of  Rings — List  of 
Crystals  of  the  Negatwe  mid  PosiUss 
Class — Method  o/*  caleuiaiing  the 
Tints — Transformation  oftheRingi. 

Thb  phenomena  of  colour  moduoed  by 
the  action  of  crystallised  bodies  i^)onpo> 
larised  light,  are  the  most  splendid  with- 
in the  whole  range  of  optics.  The  co- 
lours themselves  were  first  seen  in  lodaod 
spar  by  Huygens,  and  studied  bj  subse- 
Guent  philosophers,  but  they  knew  no- 
thing of  their  origin  or  na[ture.  Tbej 
were  discovered,  by  independent  obsRt- 
vation,  by  M.  Arago  and  Dr.  Brewster, 
and  the  subject  has  been  suocesafiilljr 
pursued  by  these  two  authars,  and  also 
by  M.  Biot,  Dr.  Young,  M.  Fresnel  M. 
Herschel,  and  Profe^r  Mitscheriidi, 
from  whose  labours,  to  use  the  wondi  of 
a  distinguished  author,  "  it  has  aequind 


Fig.  21 


a  developement,  placing  it  among  the 
most  important,  as  well  as  the  most 
complete  and  systematic  branches  of 
optical  knowledge."  In  order  to  exhibit 
these  colours  in  the  simplest  manner; 
let  two  plates  of  glass,  A,  C,  flg,  21, 
be  arranged,  as  shown  in  fig.  12,  so 
that  the  light  polarised  by  the  first 
plate  A,  (or  the  polarising  plate,) 
refuses  to  be  reflected  by  the  second  plate 
C,  (or  the  atialysing  plate.  If  the 
lij^ht  R  A,  be  that  of  the  sky,  which 
will  do  very  well  for  otdroarY  t^aitjows^ 


The  proper  adjustment  of  the  f^ltiss  pkitps 
will  be  known,  by  looking  at  C  in  the 
direction  £  C,  and  observing  a  dark 
undefined  spot,  in  tlie  imawe  of  the  psrt 
of  the  sky  reflected  by  A.  Tlie  glass  pktes 
should  be  adjusted  tiU  this  spot  is  asdirfc 
as  possible.  In  order  to  increase  the 
quantity  of  polarised  light,  and  to  have  a 
larger  surface,  it  would  be  desirabfe  1o 
use  the  bundle  of  glass  plates  described 
in  the  last  chapter,  in  place  of  ihe  flugli^ 
plate  of  glass  A. 
H^Nvn^  ^iByoed  the  polarising  plain  At 
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80  as  to  reflect  the  brightest  part  of  the  begins  to  move,  the  brightness  of  this 
sky,  take  a  thin  fihn  or  slice  D  G  £  F,  colour  will  gradually  diminish  till  C  has 
ofiuiphaUi  of  lime  (or  micoj  if  sulphate  turned  roui^  45^  when  the  red  colour 
of  lime  cannot  be  had)  between  the  20th  will  disappear.  Beyond  45®,  a  Mnigreen 
and  60th  part  of  an  inch  in  thickness,  and  Will  appear,  and  will  gradually  increase 
hold  it,  as  shown  in  the  iigui'e,  between  in  intensity  till  it  reaches  its  maximum 
the  polarising  and  the  analysing  plates,  brightness  at  90<'.  Beyond  90O  the 
When,  previous  to  the  interposition  of  green  becomes  paler  and  paler,  till  it  dis- 
the  crystallised  plate,  the  eye  E,  looked  appears  at  135©,  where  the  red  again 
into  C,  it  saw  only  the  dark  spot  above-  comes  in,  and  reaches  its  maximum 
mentioned ;  but  it  will  now  observe  the  brightness  at  180°:  the  very  same  changes 
whole  surface  of  the  polarizing  plates  at  are  repeated  between  180®  and  360®  or 
A,  covered  with  colours  of  the  richest  and  09,  Hence  it  follows,  that  when  only 
most  varied  hues,  and  following  one  the  film  of  sulphate  of  lime  revolves,  a 
another,  according  as  the  sulphate  of  ^'fi^/eco/ot^r  merely  is  seen;  while,  when 
lime  is  more  or  less  inclined,  or  accord-  only  the  plate  C  moves,  two  colours 
ing  as  the  light  passes  tlirough  thicker  are  seen  during  its  revolutioa 
or  thinner  portions  of  the  film.  If  the  By  repeating  the  above  experiment 
plate  is  equally  thick,  which  with  a  little  with  films  of  sulphate  of  lime  that  give 
care  may  be  effected,  and  if  it  is  held  different  colours,  it  will  be  found  that 
peipendicular  to  the  polarised  light,  there  the  two  colours  are  always  complement- 
will  be  found  two  lines  D  E,  F  G,  which  ary  to  each,  or  that  the  two  together 
have  the  property,  that  when  either  of  make  up  white  light.  This  curious  pro- 
them  is  parallel  or  perpendicular  to  the  perty  may  be  ocularly  demonstrated 
plane  of  primitive  polarisation  RAG,  by  the  following  experiment.  Instead  of 
or  to  the  plane  A  U  E,  no  colours  are  analysing  the  light  transmitted  by  the 
seen,  and  the  black  spot  appears  exactly  sulphate  of  lime  by  the  plate  C,  siibsti- 
as  if  the  film  were  not  interposed.  These  tute  a  prism  of  calcareous  spar,  that 
two  Unes  may  be  called  the  neutral  gives  two  images,  and  when  the  plane  of 
axes  of  the  crystallised  film.  If  the  the  principal  section  of  the  prism  (or 
film  D  G  E  F  IS  turned  round  in  its  rather  of  the  crystal  of  which  it  is  com- 
own  plane,  there  vnll  be  found  in  all  posed)  is  in  the  plain  of  primitive  pola- 
other  positions  the  phenomenon  of  a  risation,  the  one  image  will  be  red,  and 
single  colour ;  but  this  colour  will  be  the  other  image  green ;  and  if  the  two 
mc»t  brilliant,  when  either  of  the  lines  are  made  to  cross  one  another,  the  over- 
a6,  erf,  perpendicular  to  one  another,  lapping  portions  will  be  perfectly  white. 
and  each  incUned  45^  to  the  neutral  Instead  ofa  prism,  it  will  be  simpler  to  use 
axes,  is  in  the  plane  of  primitive  polari-  a  complete  rhomb  of  spar,  having  on  one 
sation  RAG, — the  brilliancy  or  intensity  of  its  faces  a  circular  aperture,  so  large 
of  the  colour  gradually  diminishing  from  that  the  two  images  of  it  seen  through 
the  position  of  no  colour,  to  the  position  the  spar  overlap  each  other :  by  substi- 
where  the  colour  is  a  maximum.  The  tuting  this  for  the  prism,  the  right  hand 
two  hues  abjcd,  may  be  called  the  de-  portion  of  the  one  image  will  be  red,  and 
polarising  axes  of  the  film,  the  left  hand  portion  of  the  otlier  green. 
If  we  suppose  the  plates  A  and  C,  to  while  the  intermediate  or  overlapping 
be  fixed,  and  the  film  D  G  E  F,  to  re-  parts  will  be  perfectly  white, 
volve  round  the  ray  A  C,  fi*om  a  posi-  If  we  reduce  the  thickness  of  the  film 
tion  where  no  colour  is  seen,  it  will  of  sulphate  of  lime  to  0.00046  of  an 
then  be  found,  that  the  colour  which  English  inch,  it  will  produce  no  colour  at 
we  may  suppose  red,  is  a  maximum  at  all,  having  no  more  action  upon  polarised 
the  azimuths,  or  angles  of  revolution,  of  light,  than  a  plate  of  common  glass.  A 
45»,  1350,  2250,  and  3150,  while  it  di»-  film  0.00124  of  an  inch  thick,  gives  the 
appears  altogether  at  azimuths  of  0°,  90»,  white  of  the  first  order  in  Newton's  scale 
180®  and  2  7  0^.  If  we  now  suppose  the  film  of  colours  (see  Optics,  p.  35);  and  a 
DGEF,  to  be  fixed  in  any  of  the  posi-  plate  0.01818  of  an  inch  thick,  and  all 
tions  450,  &c.  or  where  it  produces  the  thicker  plates,  give  a  white  composed  of 
brightest  red,  and  if  we  cause  the  ana-  a  mixture  of  all  the  colours.  Plates 
lyswg  plate  C,  to  revolve  round  the  having  a  thickness  intermediate  l)etween 
ray  AC,  its  inclination  to  A  C  remain-  0.00124  and  0.01818  of  an  inch,  produce 
mg  invariable*  we  shall  observe  the  fol-  all  the  different  orders  of  colours  con- 
lowing  phenomena.  The  brightest  red  tained  in  Newton's  ta!bi\ft\^xA'OE^^i(^^'Qs 
being  visy^le  at  0®  or  where  ue  plate  C    which  aav  ^ea  \i)k}Kj[v^%  ^w^  «!^k^s6. 


so 
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maybe  calenlated  from  the  last  column 
of  Newton's  table,  under  Glass,  because 
glass  and  sulphate  of  lime  have  nearly 
the  same  refractive  power.  Since 
the  white  in  the  column  o^  reflected 
tints  is  produced  at  a  thickness  of 
0.00124,  and  the  white  or  end  of  the 
seventh  spectrum  is  produced  at  a  thick- 
ness of  0.01818,  and  since  the  numbers 
in  the  table  opposite  to  these  tints  are  3f 
and  49|>  we  have  the  following  propor- 
tion :  as  0.01818—0.00124  or  .01694  is  to 
49|  or  3f ,  or  46  nearly,  so  is  the  excess 
of  any  thickness  of  a  plate  of  sulphate  of 
lime  above  0.0124  to  a  fourth  number, 
which  when  added  to  3i,  will  give  a  sum 
to  enter  the  last  column,  and  opposite  to 
it  will  be  found  the  two  comfdemen- 
taxy  colours  which  such  a  plate  will  pro- 
duce. 

As  the  colours  of  polarised  light  are 
proportional  to  the  thickness  of  thin 
plates,  which  give  the  same  colours,  the 
superposition  of  two  films  will  have  the 
same  effiBct  as  one  film,  equal  to  their 
united  thicknesses,  provided  they  are 
laid  together  in  the  same  manner  as  they 
lie  in  me  crystal  But  if  the  films  are 
placed  transversely,  that  is  with  any  one 
tine  of  the  one  at  n^ht  angles,  to  a  simUar 
line  in  the  other,  iSey  wfil  produce  a  tint 
equal  to  the  difference  of  their  thick 
nesses.  If  the  plates  are  therefore  perfectly 
equal,  they  wifi,  when  thus  crossed,  destroy 
each  other's  action,  and  produce  black- 
ness. Hence,  also,  the  colours  may  be 
produced  by  crossing  two  plates  of  very 
considerable  thickness,  which  give  no 
colour  when  taken  separately,  provided 
that  the  difference  of  their  tnickness 
does  not  exceed  0.0 1 8 1 8  of  an  inch  *. 

The  different  phenomena  which  we 
have  now  described,  maybe  seen  in  a 
more  instructive  manner,  in  the  follow- 
ing experiment  made  by  Dr.  Brewster. 
Having  taken  a  plate  of  sulphate  of  lime 
of  equal  thickness,  and  about  |2Vth  of  an 
inch  thick,  he  ground  down  one  of  its 
feces,  so  as  to  make  its  thickness  vary 
from  f Vth  of  an  inch,  down  to  the  thin- 
nest edge  that  could  be  made.  He  then 
placed  the  plate  in  water,  which  slowly 
acted  upon  it,  making  its  ed^  thinner, 
and  giving  a  slight  polish  to  its  surface. 
By  placing  this  fmn  between  the  polaris- 
ii^  and  analysing  plate,  its  surfEice  was 
covered  with  coloured  fringes  parallel  to 
the  thin  edge,  a  d,  fig,  22,  and  including 
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all  the  colours  in  Newton*s  Table,  thus 
showing  to  the  eye  how  the  diflferent 
tints  are  produced  by  difBn^snt  thick- 
nesses. When  the  flhn  ad;  was  cut  into 
two  ab,  cd,  and  crossed  as  iaj^.  23,  a 

-F^.23. 


new  set  of  fringes  was  produced  panlld 
to  a  black  line  np,  extending  frx)m  the 
point  where  the  two  thinnest  edges  meet 
to  the  point  where  the  two  thickest  sides 
meet 

On  the  Colours  and  Systems  of  Ringt 
produced  by  Crystals,  toith  one  Axis  o/ 
Double  Re/ractton.— The  phenomena  of 
the  colours  of  polarised  light  had  been 
examined  under  very  unfovourable  eir 
cumstances,  till  1813,  when  tlie  systems 
of  rings  round  the  axis  of  double  refrac- 
tion, were  discovered  by  Dr.  Brewster. 

If  we  take  a  rhomboid  of  calcareous 
spar,  whose  principal  section  is  repre- 
sented by  A  B  C  D, /^.  24,  and  cement 
upon  its  surfaces  A  B,  C  D,  two 
Fig.  24. 


prisms  BEF,  DEH,  having  their  refract- 
ing angles  EBF,  GDH  about  45o,  we 
shall  be  able  to  see  along  the  axis  Bb, 
of  double  refiuction  of  the  spar.  Let  tbe 
spar  be  now  substituted  in  the  appantus 
flg.  21,  in  place  of  the  film  D  FEG,  so 
that  the  polarised  ray  A  C,,^.  21,  may 
pass  along  a  line  parallel  tothe  axisB6; 
then  whatever  be  tlie  position  of  the  aptr, 
there  will  be  seen  along  its  axis  A  bT*  - 
most  beautiful  system  of  coloured  rin^^j  . 
mVec^RfiXidiYcvK^  ^x«iNks^  ^i  ti«nc  <fia-i  1 
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nmilor  rings  ue   reciprocally  propor- 
tional to  the  aquue  roots  of  tneir  thicli' 

The  phenoraerai  now  described  may  be 
seen,  with  equal  advantage,  by  cutting 
off  the  solid  angles  of  the  rhomb  by  sur- 
fiices  FN,  HM  peipendicular  to  the  axi« 
B  b ;  but  as  the  mineral  does  not  cleave 
parallel  to  those  planes,  and  is  difficult  to 
polish,  we  cannot,  in  this  way,  make 
the  comparative  experiments  mentioMd 
above  with  the  same  facility. 

In  eMminjng,  in  the  s 


No  change  whatever  will  take  place  in 
this  system  of  rings,  by  turning  the  spar 
•bout  its  axis ;  but  if  we  turn  the  ana- 
lynnf;  plate  C,^.  21,  round,  as  formerly 
described,  then  in  the  azimuths  0",  SCA, 
180°  and  27V,  the  same  system  of  rmfip 
will  be  seen,  while  at  the  arimuths  45", 
133^  22a'>,  andSlSo.anothersystemwill 
be  seen  like  that  shown  in^.  26, 
Fig.  26. 


This  system  diflfere  from  the  former  in  no 
other  respect  than  this,  that  all  the  co- 
lours in  the  one  are  exactly  eom^e- 
mentary  to  those  in  the  other,  so  that 
the  superposition  of  the  two,  if  it  could  be 
effecliyj,  would  completely  obliterate  both 
systems. 

Iflhe  rhomboid  of  calcareous  spar  is 
now  cut  into  two  plates  by  any  line  MN, 
and  if  the  ring?  produced  by  each  plate  be 
examined  separately,  it  will  be  found. 

1.  That  the  rings  given  by  each  plate 
ve  lai^er  indiameter  than  those  produced 
hj  the  whole  rhomboid  previous  to  its 
division. 

2.  That  the  rings  in  the  thickest  of  the 
two  plates  are  less  in  diameter  than  those 
produced  by  the  thinnest ;  or  in  general, 

3.  TTie  squares  of  the  diameters  of  the 
ring*  oroduced  by  the  same  plate  are 
proponjonal  to  the  number  which  repre- 
■enu  the  corresponding  tint  in  Newton's 
Tible ;  and  in  plates  of  difih^nt  thick- 
HMMi>  theiqmres  of  the  ^' ' ' 


other  crystallised  bodies  that  have  arte 
axis  of  double  refraction,  we  discover  in 
all  of  tliem  a  system  of  rings  similar  to 
that  in  calcareous  spar,  and  the  axis  of 
this  system  invatiab^  coincides  with  the 
axis  of  double  re&aclion.  In  those  civs- 
tals,  however,  which  have  potititre  douUe 
refraction,  the  system  of  rings,  thouf^ 
the  same  in  appearance,  has  a  very  diff&- 
ent  property.  If  we  take  a  s^lem  of 
rings,  for  example,  formed  by  tee  or 
zircon,  and  combine  it  with  a  system 
of  tlie  same  diameter  formed  by  Icelvid 
spar,  we  shall  find  that  the  tno  systems 
destroy  one  another ;  and  hence  we  con- 
clude that  the  system  of  rings  produced 
by  these  crystals  aixpotitive,  or  opposite 
in  character  lo  ttie  negative  system  of 
rings  in  calcareous  spar.  In  tSe  follow- 
ing Table  will  be  found  all  the  different 
crystals  which  give  a  negative  and  a 
positive  system  of  rings. 
Crytlalt  that  give  a  Negative  Syttem. 

Carbonate  of  Lime. 

Carbonate  of  Lime  and  Magnet 

Cart>onate  of  Lime  and  Iron. 

Carbonate  of  Zinc. 

Corundum. 


Ruby. 

Emerald. 

Beiyl. 

Phosphate  of  Lime 

Idocrase. 

Wemerite. 

Paranthine 

TourmaUne. 

Rubellite. 

Mica  from  KariaL 

Molylxlate  of  Lead. 

Phosphate  of  Lead. 

Phosphato-Arseniate  of  Lead. 

Hyposulphate  of  Lime. 

Hydrate  of  81rontites. 

Arseniale  of  Potash. 

Muriate  of  Lime. 

Muriate  of  Strontian, 
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Subphosphate  of  Potash.  For  example,  if  at  an  angle  of  10«  with 

Sulphafe  of  Nickel  and  Canryesr,  the  axis  of  double  refraction,  we  have 

Ruby  Silver.  the  tint  of  the  bright  blue  oC  the  second 

Melbte.  order  of  coloiu^  whose  value,  in  New- 

Somervillite.  ton^s  Table  {0ptic9,  p.35),  is  9 ;  then  let 

Octohedrite.  it  be  requir^  to  determine  what  wiU  be 

Phosphate  ofAmmonia  and  Magnesia,  the  tint  produced  at  an  inclination  of 

Nepheline.  2(fi:  the  sine  of  IQO  is  .1736,  and  its 

Arseniate  of  Lead  square  .0301 ;  the  sine  of  20<>  is  ^42,  and 

Arseniate  of  Copper.  its  square  .1 1 7.  Hence  we  have  the  ana> 

Gmelinite.  logy,  as  .0301 :  .1 1 7  =  9 :  35,  which  cone- 

Oxahverite.  spends  to  a  tint  a  little  above  the  r«ef  of 

Edingtonite.  the  fifth  spectrum  or  order  of  colours. 

Levyne.  But  though  a  tint  of  35,  or  the  red  of 

Cyanuret  of  Mercury.  the  fifth  order,  can  only  be  produced  at 

Alunite.  an  inclination  of  20^,  tli^  thicimess  of  ths 

crysial  being  supposed  the  same  at  all 

CfyitaU  that  give  a  Poiitive  System,  inclinations,  yet,  if  we  suppose  the  thick- 

Ziicon.  ^^^  ^^  ^  crystal  at  an  inclination  of 

Q^^  \Q^,  to  be  increased  in  the  proportion  of 

Oxide  rf  -na  »  *»  35,  we  should  then  havej^  10*  flie 

Titanite.  smaller  thickness.   In  any  given  oystal, 

•QgnMte,  f^y  tint  may  be  produced  at  any  i^f ea 

AnoDhvUite.  inclinatioa    If  we  require  toprodnoea 

sSphate  of  Potash  and  Iron.  "fl  ^°^  ,^  ^^  ««.  "',.<"•  ™  »f^ 

Superacetate  of  Copper  and  Lime.  "V'^  ^P*  order,  at  an  mdination  offt^. 

HySute  of  Magnefil  Z^^  the  polaming  force  iswy  stiwig. 

J '                ^  we  must  then  reduce  the  snbstiince  to  t 

Pnissiate  of  Potash,  certain  specimena  r^  *?*u^i  *"^'  °°  ^  ^^\  ^ 

Diontase?  uyve  vnsh  to  develope  a  high  tmt,  such 

^  as  45,  or  ihegreenish  blue  of  the  seventh 

If  we  combine  two  plates  of  two  crys-  order,  at  the  inclination  of  50.  we  must 

tals  of  the  positive  class,  such  as  Calcch  then  take  a  very  great  thickness  of  cr» 

retnts  Spar  and  Beryl,  the  system  of  tal  to  make  up  for  the  low  polarising 

rings  will  be  the  same  as  would  be  pro-  force  which  exists  so  near  the  axis, 

duced  by  two  plates  of  calcareous  spar,  The  system  of  polarised  rines»  like  the 

one  of  which  is  the  ]3late  employed,  and  rings  formed  by  thin  plates,  may  be  in- 

the  other,  a  plate  which  gives  rings  of  the  creased    in  number    by  viewing  them 

same  size  as  the  plate  of  beryl  But  when  through  a  prism;  and  at  inclinations  to 

a  positive  system  of  rings  is  combined  the  axis  of  a  crystal  at  which  they  ceas* 

with  a  negative  system,  such  as  those  to  become  visible,  they  may  t>e  readily 

produced  by  zircon  or  ice  with  those  pro-  developed  by  the  opposite  action  of  aciys- 

duced  by  calcareous  spar  or  beryl,  the  tal,  but  which  does  not  exhibit  them  seja- 

resultive  system  of  rings,  in  place  of  being  rately. 

the  siun  of  their  separate  actions,  wiS  The  phenomena  exhibited  by  a  sinde 

be  their  difference,  that  is,  it  will  be  ^stem  of  rings  undergo  curious  and 

equal  to  the  system  produced  by  a  thin  beautiful  transformations,  by  interposal^ 

plate  of  calcareous  spar,  whose  thickness  thin  crystallised  films  of  sulphate  of  lime, 

IS  equal  to  the  difference  of  the  thicknesses  or  mica,  between  two  plates,  each  of 

of  the  plate  of  calcareous  spar  employed,  which  give  a  system  of  rings.     If,  for  ex- 

and  another  plate  of  calcareous  spar  that  ample,  in  the  split  rhomboid  shown  in 

would  give  nngsof  the  same  size  as  those  Jig.  24,  we  insert  a  thin  and  equal  fihn 

given  by  the  zircon  above.  of  mica,  a  very  singular  effect  will  be 

By  comparing  the  numerical  values  of  produced  upon  the  ring ;  but  when  the 

the  tints  produced  at  different  angles  of  two  rhomboidal  plates  AMNB,  DMNB, 

inclination  to  the  axis,  it  follows  from  ex-  are  equal,  the  eitect  is  still  more  t)eauti- 

periment,  that  if  the  thickness  of  the  ful,  and  the  character  of    the  ^slem 

mineral  is  invariable,  the  numerical  value  changes,  not  only  by  the  revolution  of 

of  the  tints  will  always  vary  as  the  square  the  analysing  plate,  but  during  the  revo- 
of  fhe  sine  of  the  angle  wYucYvxYvetefeiRXftdL  \>\\asyft.  ^\  ^wi^Wx^v^  \\s.  ^xd<Kc  la  sh(w 
%y  forms  with  the  axis  oi  \bfc  cr^^^a2L  iS^^2DftNWfc>i«a^\^iKi&\«»NfeSj^^^aaBw^ 
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ptwnoniein,  Dr.  Brewiter  took  a  plaleof 
the^po/AC^ofeiiirsAWB,  which  h^a  Wr 

tunl  face  perpendicular  to  the  aids,  and 
hwring  cut  it  into  two  piec«9i,  luid  placed 
tiiem  panllel  to  one  another,  with  a  suf- 
fldent  interval  between  tbem  to  admit 
the  iirterpoaition  of  diSbrent  films,  he  was 
enabled  to  see  in  succession  all  the  modi- 
floations  which  they  underwent,  but  of 
which  it  is  not  easy  to  convey  any  idea 
without  niunerous  drawings. 

Chaptkr  VII. 

Double  Sytlem  of  Ringt  produced  by 

Cryttalt,  teitk  ttoo  axes  of  Double 

Refraction — Phenomena  erhibited  by 

ihim — Table  of  the  Inclination  of  the 

mvltant  Axet  of  Crystalt—Qeneral 

taui  of  the  Tinlt. 

Tn*  doutile  system  of  coloured  liafrs  was 

ifiacovered  in  1817,   by  Dr.  Brewster, 

who  deicritied  them  in  tne  PhilosophicBl 

TVuiBactions,  as  seen  yi  Topaz, wtiere  they 

appeal  with  unusual  splendour ;  but  the 

axei  or  lines  along  which  each  system  ii 

seen,    are    so    much    inclined   to    one 

another,  that  we  shall  first  descritx  them 

■•  aeen  in  Nitre,  where  they  were  soon 

afler  discovered  by  the  same  author. 

_  Nitre  or  Saltpelrt  crystallizes  in  six- 

nded  prisms,  with  anf^lcs  of  about  120°, 

tnd  its  principal  axis  of  double  refraction 

is  cdncident  with  the  ajtia  of  this  priim. 

Having  detached  with  the  edge  of  a  knife 


and  the  assistance  of  a  smart  blow  oT  a 
hammer,  a  small  piece  &om  the  end  of  the 
prism,  grind  it  down  upon  a  file  or 
coarse  freestone  till  it  is  reduced  to  the 
eighth  or  tenth  of  an  mch ;  and  havinB 
smoothed  its  parallel  faces,  which  should 
tie  as  nearly  a«  passible  perpendicular  to 
the  axis  of  the  prism,  wet  each  of  them 
3%htly  with  thetongue,  and  having  dried 
them  quickly,  place  the  plate  thus  formed 
between  two  plates  of  glass,  so  thai  a 
thin  layerof  Canada  balsam  may  cement 
them  to  the  glass.  This  will  produce  the 
effect  of  the  most  perfect  polish,  and  will 
preserve  the  plate  of  nitre  for  years  with- 

Let  the  nitre  thus  prepared  be  placed 
in  the  apparatus  of  fig.  21,  the  eye  look- 
ing into  the  plate  C,  and  seeing  tlie  black 
undetined  space  already  mentioned.  When 
the  plane  of  the  axis  of  nitre  is  parallel  or 
perpendicular  to  the  plane  of  primitive 
polarisation,  there  will  lie  seen  the  beau- 
tiful system  of  rings  shown  in  Fig.  27. 
Tliis  system  is  intersected  with  a  black 
cross,  one  of  whose  aims  passes  through 
the  centres  of  the  two  system.s  of  curves, 
white  the  other  arm  of  the  cross,  wtiich 
JM  always  less  defined,  is  at  right  angles 
to  tlie  former,  and  equi-distant  from  the 
centres  of  the  two  systems. 

It  we  now  turn  the  plate  of  nitre  round 
its  axis,  the  revolution  commencing  at 
0°,  the  Ijlack  cross  will  open,  as  shown  in 
Fig.  as.    As  the  revolution  advances,  it 


Fig.  28. 
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opeiumore,  u  abcTwnni^.lBiuidit 
Fig.  29. 


Kpuite  csQtre,  which  aMm  to  be  DMil; 
in  one  of  tticir  (bd;  but  after  Ifae  oulnv 
moat  of  them  meet  at  the  pcmA  of  in- 
teneetimi  of  the  faladE  erom,  wme  tt 
ttw  lingi  have  pcnnts  of  contraiy  flexing 
and  mj  aAerwanb  eamnmd  the  two 
cenbea,  as  if  each  centre  wete  one  tt 
their  fiscL  We  shall  presently  be  aide  b 
Kive  a  more  accuiale  description  of  fla 
form  of  these  itocAramofic  eurott,  gr 
linei  of  equal  tint  Bjr  continuing  the  n 
volution  of  the  pUte,  the  pheoonMoa  a 
Jlg.27  will  occur  at  9D0, 1800,  and  Kt^ 
andthatofj^.SOat  135<>.  226^,  andSll*; 
but  duiiiK  all  tbeae  changes,  the  Ibn^ 
and  ttie  cwnin  of  fiie  rings  tbejMelm. 
■offer  no  change. 

If  we  now  examine  the  colours  of  tta 
rings,  it  win  be  found  that  thev  ban  I 
-^nend  resemblanoeto  those  of  Newtntt 


cenendi 
lU)le,ai 


4S",  it  has  the  fonn  shown  in  Ffg.  30, 
where  the  form  and  cdour  of  the  rin^ 
are  much  mor«  distinctly  Ken  than  m 


jSg.  27.    The  black  cross  has  now  sepa- 
rated into   two  hyperbolic   curves,   the 
branches  of  one  curve  beini;  parallel  and 
perpendicular  to  thoae  of  \be,  otitei;. 
The  ibrm  of  the  rings  baa  «.  ^tDenl 


outwardx,  as  in  the  uniaxal  syaton  d 
rings  already  described.  The  rings  tfan- 
«lves  incieaae  in  diameter  as  the  {Un 
of  nitre  become  thiimer,  and  dimiriA 
when  they  become  thicker ;  but  at  il 
thicknesses  the  poles  A  and  B  are 
centres  where  the  colours  of  the  ri  . 
oririnate,  and,  generally  speaking,  netB 
suffer  any  di^lacement.       '\ 

But  ifne  reduce  the  plate  <^  nitre  to 
i;reat  degree  of  thinness,  so  that  ihe  e 
lour  or  tint  produced  at  the  intemdiia 
of  the  arms  of  the  black  cro^,  oi 
pwnt  half  wav  between  A  andAB  is 
perceptilile,  the  whole  system  W  i 
will  anjear  to  be  like  the  uniaxajli^ 
and  the  black  cross  will  not  exhuit 
^^pearance  above  described.  B  j^  I 
rang  the  plate  of  nitre,  we  have,  »  i  I 
were,  desboved  the  action  of  the  stia^  I 
axis  at  small  inclinations  (as  will  be  f*  1 
sently  better  understood) ;  but  at  s^aMT 
inclinations  this  axis  will  still  modify  tT 
character  of  the  rings. 

As  these  poles,  viz.  A,  B,  fig.  2  7,  a 
points  where  there  is  no  polarisation,  Ihel 
unes  pasdng  through  tbem  may  be  calted  I 
the  Itnet  or  axei  of  no-polantatioi,-    -   ' 
long  but  an  expresdve  name,  and 
think  better  than  the  vague  one  of  opiieal    ' 
axel*,  which  has  been  iciven  to  them. 
The  angle  subtended  by  the  poles  A  B  is 


M^^^SE^* 
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in  nitre  about  8°  at  the  eye ;  but  irithin 
tbe  substance  of  the  cryslHl  the  axis  forms 
an  angle  of  only  5°  20'. 

In  crystals  such  ac  N'itre,  Carbonate  of 
Lead,  Arraganite,  where  the  inclination 
rf  the  aret  of  no potaritation.  or  of  the 
ratuUanl  axet,  as  they  will  afterwards  be 
(bund  to  be,  is  small,  we  can  easily  see 
at  once  the  two  systems  of  rinEs  sur- 
rounding their  two  poles,  and  the  two 
poles  themselves  surrounded  by  the  same 
ring;  but  when  the  inclination  of  the 
remltant  aJies  isnrreat.asinTopus,  Jfica, 
Fddtpar,  ij-c.  we  can  only  see  at  once 
the  system  of  rinirs  round  each  pole.  In 
order  to  do  this  ad^antaeeously,  it  is 
convenient  to  ^nd  ami  jiolish  a  face  per- 
pendicular to  the  axis  passing  throu^ 
that  pole.  In  mica  and  topaz,  however, 
this  is  not  necessary,  owing  to  the  facility 
with  which  these  minerals  cleave  in 
planes  equally  incUned   to  the   two  re- 

If  AB,  for  example.  (Jig.  31.)  is  a 
plate  of  topai  cvit  or  split  perpendicular 
to  the  axis  of  the  pnsm ;    then  if  we 

Fig.  31. 


-^- 


place  this  in  the  apparatus. /f.  21. 
that  the '  — --^  -^  >■-  ... 

rings  like  that  \njig.  3-J. 

In  tike  manner,  by  transmitting  the 
polarised  hcht  along  E  C  e  M,  so  that 
DCP=ECP,  we  shall  see  the  very 
Right  Prism 


same  system.  Hence  DC,  EC  arc  the 
resultant  axes  or  lines  of  no  polarisation. 
and  the  anirleDCEis  equal  Id  121°  16'; 
but  the  real  inclination  of  the  resultant 
axes  within  tlie  crystal,  or  eCif,  is  about 
65°. 

Hitherto  we  have  supposedthat  (he  ana- 
lysing plate,  C,/^.  21, is  fixed,  while  the 
plate  of  nitre  or  topaz  revolves.  But  if 
wc  suppose  the  nitre  or  topai  fixed  in 
any  of  the  positions  which  ^ve  the  phe- 
nomena shown  in  fig.  27—30,  and  then 
turn  round  the  plate  C,  we  shall  see  in 
the  azimuths  of  90°  and  270°.  a  comple- 
mentary system  of  ringis,  in  which  the 
black  cross  is  white,  the  dark  parts  light, 
the  red  green,  and  so  on,  as  described  in 
our  account  of  the  Uniaxal  System  of 

The  crystals  which  possess  a  double 
system  of  rings,  are  very  numerous;  and 
we  must  refer  the  reader  to  the  long  list 
of  them  given  by  Dr.  Brewster  in  the 

article  Optics,  in  the  Edinburgh  Bncy- 
clopsdia.  He  found  that  all  crystala 
have  a  double  system  of  rings,  which 
belong  to  the  prismatic  system  of  Malus, 
or  whose  primitive  forms  are; — 

Bug  I  Keclanglo 

Base  a  Rhomb 

Bue  >n  Oblique  Pinileit^^n 


Ocloh«droi 


Bue  in  Oblique  Pliallelogniii 
B»«  a  RectitiflB 
.        BisciKhumb 

The  following  is  a  list  of  crystals,  with  some  of  them  are  only  ap^H-oximate  re- 
ft double  system,  in  which  Dr.  Brewster  suits,  and  will  admit  of  considerable  cor- 
DMASured  tne  inclination  of  the  r^pultant  rection  by  employing;  belter  specimeni 
axes  within  the  substance  of  the  crystal,  thanhewasabletoprocure,  Max«tS.*Cwt 
Hh  oteaaures  were  carefully  made,  but  measures,  inAee^  ^tn%  \xiu£&  '«^  'sct^ 
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gmdl  fraipeiitf  of  Bunenls  plaocd  be-    pdhwud  wy  to  paw  atay  fti  wuitMi 
tween  pnams,  in  order  to  permit  the 


List  qf  Minarali  md  CrysUda^wUh  ike  CkaneUrojf  ikmr  primdpd  4sbu am 

th^IneUMOumqfihdrRamUaU 

Okan/tHmet 
NamM  of  Ifiaerala.  PiiMupftl  iksis. 

GUaberite  •  •  •  Negitive 

Sulphate  of  Nickd,  certaim  tpecimens        EVwitivo 
Nitfate  of  Poiuh  Negative 

Ifica,  certain  specimens  . 

Carbonate  of  Strontitee 
Talc 

Carbonate  of  Lead 
Solphato-carbonateofLead     • 
Mother  of  Pearl   . 
Hydrate  of  Barytes    . 
Mica,  certain  speeimens     • 
Arragonite  • 

Pmssiate  of  Potash,  certain  specimens 
Cymophane 


Borax 
Anhydrite 


(Bkt) 


Apophyllite,  himwui  •  • 

Sulphate  of  Magnesia 

■  Barytes    . 
Spermaceti 

lineal,  or  Native  Borax 

Nitrate  of  Zinc,  estimated  at  about 

Heulandite  • 

Sulphate  of  Nickel 

Carbonate  of  Ammonia  • 

Mica       .... 

Lepidolite    . 

iknzoate  of  Ammonia       . 

Sulphate  of  Zinc        ,  » 

■  Magnesia  and  Soda 
Hopeite 

Sulphate  of  Ammonia       • 

Bra^lisn  Topas 

Sugar     .... 

Sulphate  of  Strontites 

Murio-sulphate  of  Magnesia  and  Iron 

Sulphate  of  Ammonia  and  Magnesia 

Phosphate  of  Soda 

Coroptontte  , 

Sulpnate  of  Lime 

Oxynitrate  of  Silver  . 

Dicbroite 

Feldspar       • 

Tops]^  Aberdeenshire 

Sulphate  of  Potash     . 

Carbonate  of  Soda 

Acetate  of  Lead 

Citric  Acid 

Tartrate  of  Potash      . 

Tartaric  Acid 

Tartrate  of  Potash  and  Soda    . 

Carbonate  of  Potash  • 

Kyanite 

Hyper-oxymuriate  of  Potash 

Muriate  of  Copper     . 

Bpidote,  about     •  • 

Peridot        • 

Ciystallised  Chelteabam  SaiU 

Succinic  Acid,  eilimmied  ahoul 

Sulphate  of  Iioni  about 


Negative 

Negative 

Negative 

Negative 

Negative 

Negativ* 

Negative 

Negative 

Negative 

Positive 

Positive 

Positive 

Positive 


Negative 

Negative 

Positive 

Positive 

Negative 

•  • 
Positive 
Positive 
Negative 
Negative 
Negative 
Positive 
Negative 
Positive 
Negative 
Positive 
Positive 
Negative 
Positive 
Negative 
Positive 
Negative 
Positive 
Positive 
Positive 
Negative 
Negative 
Positive 
Positive 
Negative 
Negarive 
Positive 
Negative 
Negative 
Positive 

•  • 
Positive 


laeliaallBe  ef 

leealtai 

at  Am 

•or  3* 

.     3 

5 

SO^ 

.     6 

0 

6 

5f 

.     7 

24 

10 

86 

10 

35 

11 

28 

13 

18 

14 

0 

18 

18 

19 

34 
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51 

28 

42 

88 

7 

44 
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35 
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42 
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38 
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41 

42 

42 

4 

43 

24 
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0 

45 

0 

45 

8 
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28 

46 

49 
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42 
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C 

50 
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51 
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51 

22 

55 
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56 
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62 

50 

^ 

ooo 

65 
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V 


Hftvii^;  thus  given  a  eeneral  account 
of   the  phenomena   exhibiied   bv   the 
double  system  of  rings,  we  shall  now 
*  to  explain  the  law  which  regu- 


proceed 
lates  the 


the  polarised  tints  m  this  class  of 
crystals. 

In  all  crystals  without  axes,  the  axis 
cdncides  with  some  prominent  line  in 
the  ciystals  such  as  the  axis  of  the 
riiombioid,  the  axis  of  the  octohedron 
with  a  square  base,  &c. ;  but  as  the  re- 
sultant axes,  above  described,  do  not 
always,  or  even  frequently,  coincide 
with  any  fixed  line  in  the  crystals.  Dr. 
Brewster  conceived  that  they  were  not 
the  real  axes  of  the  crystals,  but  only  the 
resultants  of  the  real  axes,  or  lines,  in 
which  the  opposite  actions  of  the  two  real 
axes  compensated  each  other.  Various 
other  considerations  rendered  this  opinion 
almost  certain,  and  still  more  recent  dis- 
eoveries  have  established  it  upon  an  im- 
pvepuible  basis.  Hence,  he  was  led  to 
consider  all  the  phenomena  of  the  rings 
and  all  those  of  double  refraction  as  the 
result  of  two  rectangular  axes,  the  prin- 
cipal one  of  which  was  equally  inclined 
to  the  two  resultant  axes  round  which 
the  rings  are  formed. 

It  is  easy  upon  this  principle  to  deter- 
mine what  will  be  the  tint  developed  at 
any  given  inclination,  by  each  of  the 
axes  acting  separately,  after  we  have  ssh 
certained  the  relative  inclinations  of  each 
aids.  For  this  purpose,  let  ACBD, 
fig,  S3,  represent  any  crystal,  with  two 
axes  or  systems  of 'rings,  and  let  us 
sa|ipote  it  turned  into  a  sphere.    Let  P 


be  the  pole  or  centre  of  one  of  the  sp- 
terns  of  rings,  and  F  the  pole  of  the 
other  system.  Join  PP',  and  bisecting 
PP  in  0,  draw  AOB  at  right  angles  to 
PF,  and  continue  PF  to  C  and  D.  We 
ii^  call  the  axis  or  diameter  massing 
fl^P^yhthft  point  0  of  the  sphere  Oo,  and 


the  diameters  drawn  through  P  and  F, 
Pp  and  F//  respectively.  Now  the 
double  system  of  rings  round  P,  F  may 
be  produced  hj  means  of  an  axis  Go, 
and  another  axis  AB,  or  C  D  perpendi- 
cular to  0  0.  If  Ot)  is  a  negative  axis, 
which  we  shall  suppose  it  to  be,  then  the 
axis  AB  must  also  be  a  negative  one ; 
but  if  we  suppose  the  two  axes  to  he  Go, 
and  CD,  tnen  CD  must  be  poeitive. 
We  shall  suppose,  then,  that  the  two  axes 
are  Go  and  AB,  both  negative. 

Since  the  action  of  the  axis  AB,  or 
the  tint  which  it  produces  at  P,  90°  from 
A,  is  destroyed  or  compensated  by  the 
action  of  the  axis  G  o  or  the  tint  pro- 
duced by  it ;  and  it  is  evident  that  the 
ratio  of  the  intensities  of  the  axes  A,B 

mast  be  that  of  1  to   .   ,^r>.    For,    as 

sm.'GF 

the  tint  produced  at  P  by  AB  is  equal 
to  the  tint  produced  at  the  same  point  by 
C ;  and  as  the  tint  produced  at  P  by 
AB  is  its  maximum  tint,  A P  being  an 
arch  of  90°,  tlien  the  maximum  tint  pro- 
duced by  Go  will  be  found  by  the  anar 

logy,  sin."  GP  :  rad.«::l  :   ^-r;;^^- 

Hence,  the  maximum  tint  of  AB  will  be 

to  the  maximum  tint  of  G  o  as  sin.«  90° 

1 

or  1 :  - — r;r«»    the     maximum    tint 
sin.'OP 

which  any  axis  produces  being  a  proper 

measure  of  its  intensity. 

From  a  great  numbier  of  observations 
made  at  all  points  of  the  sphere,  and 
from  measurements  of  the  j)rojected 
rings.  Dr.  Brewster  found  that  all  the 
phenomena  of  the  rings,  with  all  their 
varieties  of  form,  were  represented  by  the 
following  law : — 

The  tint  produced  at  any  point  of  ths 
ephere,  by  the  joint  action  of  two  axes, 
u  equal  to  the  diagonal  of  a  parallelo' 
gram,  whose  sides  represent  the  tints 
produced  bu  each  axis  separately,  and 
whose  angle  is  double  of  the  angle 
formed  Su  the  two  planes  passing 
through  that  point  of  the  sphere,  atui 
the  respective  axes. 

In  order  to  explain  the  application  of 
this  law,  let  it  be  required  to  determine 
the  tint  produced  at  £,  fig,  33,  by  the 
two  axes  Go,  A  B,  whose  rdative  intensi-  '■ 

ties  are  as  1  to    .   ,^-,.    Through  the 

sin.«GP 

given  point  of  the  sphere  E  draw  three 

great  circles  A  £  F,  C  E,  and  G  E:  then  let 

'T=Tlnt  required  at  the  point  E 

#=£0 
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^  =£  C  This  result  was  deduced  maihemstieally 

a  =Tint  produced  separately  at  £  by  by  M.  Biot  finom  Dr.  Brewster*s law ;  ana, 

the  axis  O  o  by  independent  observations,  it  wns  esta- 

b  =Tint  produced  separately  at  E  by  bushed  expeiimentally  by  Mr.  Herschel, 

the  axis  A  B  who  found,  also,  that  the  curves  belonged 

•v^  =The  angle  of  the  parallelograin  of  to  theclass called  Lemniscates,whichhave 

forces  this  property,  that  the  rectangles  under  two 

«•  =The  angle  C  E  F  lines  drawn  from  the  poles  P,  P  to  any 

*»  =The  angle  O  E  F  point  in  the  periphery  N,  for  exain][^  is 

A  =The  arch  F  O  invariable  throughout  the  whole  curve — 

D  =The  arch  F  E  that  is,  P  N  xP'N  is  a  constant  (niantity. 
i  =Half  the  difference  of  the  angles       If  the  axis  O  o^fig,  33,  is  exactly  ecfuai 

of   the  base  at  the  diagonal  of  to  the  axis  A  B  in  intensity,  it  is  obvious 

the  parallelogram  of  forces  that  the  points  of  compensation  P,  P» 

We  have  then,  by  spherical  tri^nometry,  where  the  tints  of  each  axis  are  equal  and 

Cos.  i = Cos.  A  X  Cos.  D  opposite,  and  therefore  destroy  one  ano- 

^=  90»  — D  ther,  will  be  at  C  and  D,  the  extremities 

p       _  Tang.    D  of  an  axis  C  D,  at  right  angles  to  the  two 

Taiig]     7  **^  ^  0  ^^^  ^  ^  5  ^"^  ^  there  cannot 

rp  p.  be  any  other  points  of  compensation,  the 

Co».a-=— ^^^-—  phenomena  will  now  be  related  to  one 

Tang.     ^  axis  CD,  and  this  axis  will  be  of  an 

2  A  E  0=^^=2  (180O— •»)=2  *r.  opposite  character  to  O  o  and  A  B— that 

Now,  since  the  tints  produced  by  each  is,  it  will  be  positive  if  they  are  negative^ 

axis  0  0,  A  B  at  £,  are  as  the  squares  And  negative  if  they  are  positive.     Dr. 

of  the  sines  of  inclination  to  the  axis,  or  Brewster  has  demonstrated  that  a  sii^ 

as  sia  •  O  E  and  sin.  •  A  E,  and  as  the  system  of  rings  will  be  seen  by  looking 

relative  intensities  of  the  axes  are  as  1  to  along  C  D,  and  that  all  the  phenomena 

1  1.  „ .  •       rx  T^  produced  by  the  two  equal  axes  wiU  be 

-j^-j^  weshallhavea=sm.«OE,and  mathematically  tiie  same  as  in  crystals 

6=sin.«AEXsin.«0P.  r^^/.^'l^^^  ^"^     ^!?^  H  *^*^* 

Having  thus  found  a  and  b  tiie  sides  ^?^  ^^^  *  ^^?f ^^  fy"*? '"♦i?^    T^ 

of  the  parallelogram  of  forces,  whose  ^i^  "^^  necessarily  indicate  the  action 

angle  is  V.  the  diagonal  t  of  this  paral-  ""!  ?  ?^^^^  ^^^^  hutih?^t  certam  ^y- 

lelogram  will  be  thus  obtained :-  sical  circumstances  might  occiu-  which 

—6  Tang  kyl  would    determine  that    the  system  of 

Tang,    i  =^ ^  rings  might  be  the  result  of  two  equal 

a+o  ,  .,     ,  axes,  or  even  of  three  axes  which  are  not 

l+i^= Greater  angle  at  the  base.  ^  ^^^^     s^njh  circumstances  in  the 

Hence,  condition  of  the  rings  have  been  disco- 

T  =     ^  sia-v^  vered  by  him ;  and  it  is  therefore  an  un- 

sia  ?;  + 1  ^/'  doubted  fact  that  crystals,  with  apparenUy 

When  a  =  b  then  '^^  ^^^»  h&\e  in  reality  a  greater  number. 

^    ^  *  , ; — r-  Systemof  Rings  produced  by  Common 

„n.    ^  =  2  a  (COS.  ^+*').  Z^A/.-Hithert?;.^  have  considered tiie 
When  a  =  b,  and  tiie  axes  O  o,  A  a,  of        ^em  of  rings  as  produced  by  polarised 

equal  intensity,  then  «■  =  «  and  hght;  but  under  certain  circumstances 

T=2  a  (cos.2  a-),or  T  =  2  a(cos.2  •»).  ^j^     ^^^  ^  produced  by  common  light. 

When  twice  the  angle,  formed  by  the  and  it  was  indeed  by  common  light  that 

planes  OE,  A  E,  is  90©,  or  ^'  =  90^  we  they  were  first  discovered  in  topaz  by 

nave  Dr.  Brewster.     If,  for  example.  Jig,  31, 

T=  /^a*  +b*  AB,bea  plate  of  topaz,  and  if  common 

When  V.=  180°  T=     a  -  b  light  is  incident  in  tiie  direction  D  C  of  one 

When  ^i^=0°or360OT=     a    +b  of  the  resultant  axes,  and  is  reflected  from 

Such  is  the  method  of  determining  the  the  posterior  surface  of  the  plate  at  rf  so 

tints  and  the  form  of  the  rings,  in  relation  as  to  reach  the  eye  in  the  direction  C  E' 

to  the  real  axes  from  which  the  forces  of  the  other  resultant  axis,  we  shall  see, 

emanate;  but  in  relation  to  the  poles  by  the  analysing  plate,  the  j^em  of  rings 

P,  P,  the  law  may  be  expressed  more  shown  in^^.  32 ;  or  if  D  C  is  polarised 

simply  by  the  formula:  light,  the  rings  will  be  seen  at  E'  without 

T=/  siaPEx  sia  PE,  where  i  is  an  analysing  plate.     Other  curious  phe- 

the  maximum  tint  womena  are  seen  when  the  lings  are 
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iriewed  in  this  way,  but  our  limits  prevent  prisms  of  topaz  so  as  to  allow  the  inci- 

Qs  from  enlarging  on  the  subject*      In  dent  ray  to  be  powerfully  refracted  along 

the  first  of  tl^e  cases,  even  when  the  the  resultant  axis, and  also  alongtheaxis 

noes  are  produced  by  common  light,  the  supposed  to  be  that  of  the  crystal ;  but 

llgbt  is  polarised  by  reflexion  at  d,  and  along  this  latter  axis  he  found  a  distinct 

the  rings  are  formed  bv  the  action  of  the  doume  refraction,  while  along  the  two 

part  (/  C'  of  the  crystal ;  but  in  the  second  resultant  axes  there  was  none  at  all ;  thus 

ease  where  polarised  light  is  used,  the  establishing,  beyond  a  doubt,  the  intimate 

rin^  are  formed  by  the  action  of  the  and  necessary  connexion  between  the  two 

ttiidniess  C  d,  and  the  reflexion  at  d  per-  classes  of  phenomena.   In  order  to  make 

forms  the  function  of  an  analysing  plate,  this  result  more  general.  Dr.  Brewster 

Tliese  effects  are  owing  to  the  property  of  prepared  plates  of  carbonate  of  potash, 

topaz,  bjr  which  its  angle  of  maximum  which  has  a  great  double  refraction,  and 

polarisation  is  almost  the  same  as  the  he  observed  and  measured  the  separation 

angle  which  each  of  its  resultant  axes  of  the  images  in  different  planes  near  the 

llorms  with  a  line  P  C  perpendicular  to  resultant  axes.    He  had  thus  the  satis- 

theplate.  faction  of  seeing  the  two  images  overlap 

The  system  of  coloured  rings,  produced  each  other  along  the  two  resmtant  axes, 

Sthe  interrupting  films  of  calcareous  spar  and  again  separate;  such  separation  be- 
lich  wiQ  be  described  in  a  subsequent  ing  always  proportional  to  the  numerical 
chapter,  maybe  seen  by  a  proper  method  value  of  the  tint  at  the  point  of  incidence. 
nf  observation,  without  any  polarising  or       In  this  way  he  was  enabled  to  deter- 
analjTsing  plate.      Dr.  Brewster  found  mine  the  law  of  extraordinary  refraction, 
oertaia  crystals  of  nitre  which  exhibited  and  to  confirm  it  by  direct  measures  of 
flieir  rings  in  the  same  manner;  and  Mr.  the  separation  of  the  images.     This  law 
Herschd  subsequently   found  that  the  ™ay^  ^^  expressed  :— 
flame  property  was  common  in  carbonate        f^  increment  of  the  square  of  the 
cf  potass.     This  last  author  has  given  to  velocity  of  the  extraordinary  ray  pro^ 
waeti  crystals  the  name  of  idiocyclopha-  duced  by  the  action  of  two  axes  ofdou- 
noue,  which  indicates  that  they  show  their  hie  refraction  is  equal  to  the  diagonal  of 
oum  rings.  a  parallelogram^  whose  sides  are  the 
p               VTTT  increments  of  the  square  of  the  velocity 
Chapter  VllL  produced  by  each  axis  separately j  and 
Cfonnexion  between  the  Polarisation  and  calculated  by  the  law  of  Huygens,  and 
the  Double  Refraction  of  Light— Law  y^hose  angle  is  double  of  the  angle  formed 
of  Double  Refraction  tn  Crystals  with  by  the  two  planes  passing  through  the 
two  Axes— Combination  of  Axes  of  ray  and  tfie  respective  axes. 
Double  Refraction— Intensity  of  the       This  law  is  now  admitted  as  the  um- 
Polariting    and  Doubly  Refracting  versal  law  of  refraction  for  the  extraordi- 
F[>rces  tn  different  Crystals,  naiy  ray ;  and  M.  Fresnel  has  shov^Ti  tliat 
By  comparing  the  phenomena  of  the  it  coincides  rigorously  with  the  results 
polarised  rings  with  tne  intensity  of  the  deduced  from  me  theory  of  waves*, 
doubly  refracting  force  in  the  various        This    distinguished  author,  whom  a 
oystals  which  produced  them,  it  was  premature  death  has  recently  cut  down 
olmous  that,  in  crystals  with  one  system  in  the  middle  of  the  most  brilliant  cai^eer, 
of  rings,  the  polarising  and  the  doubly  re-  has  discovered  that  the  ordinary  ray  in 
!•  fracting  force  increased  and  diminished  crystals  with  two  axes  is  not,  as  was  sup- 
together  ;  but  long  after  the  complicated  posed,  under  the  influence  of  the  ordinary 
tinis  in  mica  were  discovered,  and  for  refracting  force,  but  is  regulated  by  a  law 
fleveral  years  after  the  publication  of  Dr.  analogous  to  that  of  the  extraordinaxy  ray. 
Brewster's  paper  on  the  double  system  of       When  the  two  axes  are  of  equal  mten- 
lings  in  topaz,  nitre,  &c.,  it  was  confi-  sity,  and  are  both  negative  or  both  posi- 
dently  maintained  by  the  French  philo-  tive,  the  law  above  described  gives  iden- 
wophmthcU  the  crystals  which  gave  two  tically  the  same  results,  as  the  law  of 
mstems  of  rings  /uul  only  one  axis  of  Huygens  does,  for  a  single  axis  of  double 

double  refraction,  and  it  consequently  — ^ — 

followed  that  there  was  no  connexion  be-  mV Ji.i~"JS^.?./  *?•  ^''^7  °^  ''*'^''  "^ 

^  M*      .  .  r    x,  M.  Fresnel, "  tran»l»tea  into  the  lan|{aa£eot  emin- 

tween  the  two  classes  of  phenomena.  tion,  where  the  ratios  of  the  velocities  attribated  to 

In   order  to  decide  tnis  question  by  *^«  ^f*  *"  inverse,  u  precisely  the  law  of  the  dif- 

^:«<wa  A«^^«^A«4  "n-  T>««.»<.4L.  ^^^^^^^  fcwnce  of  the  squares  of  the  velocities  which  Dr. 

duw5t  experiment.  Dr.  Brewster  prepared  Bwwster  had  Sdaoed  from  his  ezMnmesiu.  «»ii 

■  nhiek  was  iSUitwrnt^  con&TYBwi  Xj'j  VM»ie  «II\&..'Yk«k^ 

*  Se&  the  Fkilotophket  JVttMartwK,  1814,  p.  908  iowV»i^ra<m«\:h(attm\^\oTt&<A>i2&«\fw^>uex^'^M^ 
'^ilt'  two  MaM*— AmmUi  «•  Ckivu  ti  «•  ¥W)|U>sab. 
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refraction,  of  an  opponie  chU«oter»  plaoed 
at  right  angles  to  the  other  two,  and 
haying  the  same  intensity  as  either  axia 

If  there  are  three  axes,  two  of  which, 
either  both  positive  or  both  negabve*  ale 
of  equal  intensit]^  and  in  the  same  plane^ 
while  the  third  is  at  right  ansiles  to  the 
other,  then  the  resultant  of  mese  three 
axes  will  be  a  sinde  axis  coincident  with 
the  latter  axis.  Thus,  iny^.  33,  if  the 
two  equal  axes  are  A,  C,  and  the  third 
axis  O,  then  since  K-C 
If  their  characters  are  +  A+C  — O  o,  we 
shall  have 

The  sinfi;le  axis  at  O  o,  which  we  shall 
csiSix 

rr=  -(Oo+A). 
If  their  characters  are  —A — C  —  O  o,  then 

j?=-(Oo-A),  ifOy>A 

a?=+(A-Oo).  ifOo<A. 
If  their  characters  are+ A+ C+ O  o,  then 

j.=  +(Oo-A),  ifOo>A 

a;=-(A-Oo). 
If  their  characters  are  —  A— C  +  O  o, 
then 

j.=  +(0+oA). 
If  all  the  axes  are  e^l,  and  have  the 
same  signs ;  that  is,  if  A= C  =  0  o,  then 

a?=0. 
That  is,  the  three  equal  axes  destroy  one 
another,  when  they  are  all  of  the  same 
character. 

In  the  preceding  combinations  of  axes 
we  have  supposed  two  of  them  to  have 
the  same  intensity  and  the  same  character, 
so  that  the  resultant  is  a  single  axis,  or 
system  of  rings,  in  the  direction  of  the 
strongest ;  but  when  the  axes  are  tliree 
in  number,  and  the  resultant  is  a  double 
system  of  rings,  we  must  combine  them 
in  a  different  manner. 

Let  A  B  C,  for  example,  y^.  34,  be  the 


the  general  law  given  in  the  preoeding 
dv^er,  we  ahall  have  the  resulting  tint: 
___  asin.^ 

But  in  order  to  combine  this  finty  axisang 
fh)m  the  united  action  oi  A  and  C,  we 
must  know  the  direction  of  it  When  we 
consider  that  ^^  is  the  douUe  of  the  real 
angle  of  the  planes  in  which  the  foieei 
from  A  and  C  act,  we  shall  6nd  that 
the  direction  of  the  new  plane  in  wbidi 
A  and  C  are  united  forms  an  angle  wiih 
the  real  direction  of  C,  or  the  lesxr  fonse, 
whose  complement  is 

__  or  — +  — 

or  it  forma  with  the  real  dii«etion  of  A 
or  the  greater  foroe,an  an^e,  whoneoD- 
plementis 

or • 

•  4  I 

Hence  it  follows  that,  since  the  directkn 
of  the  resultant,  in  relation  to  C  £.» 
known,  its  direction  in  relation  to  R  E, 
or  the  force  with  which  it  is  to  be  com- 
bined, is  also  known ;  and,  using  accented 
letters  to  express  the  same  parts  of  the 
new  parallelogram  of  forces,  we  shaU  btfe 

sia(r+H'^" 

In  order  to  illustrate  this  in  a  simide 
case,  where  the  truth  of  the  result  wi&be 
immediately  recognised,  we  shall  take 
the  case  of  three  eaual  axes,  where  the 
resultant  of  all  the  three  is  0  or  zero.  Let 
E,  fig,  34,  be  the  point  of  the  sphere  whcR 
we  require  to  know  the  tint  produced  by 
the  three  equal  axes — A  — B  —  C,  aaid  kt 


AE  =  70o 


AG=  660  44' 


BE  =  60  CG=23     16 

EG=30  CE=3;     i; 

E  F=20    Sin.«  AE  =  .883104^a 

Sin.  •  BE  =  .75000  =  b         =  1 237<»  16' 

Sin. 'CE  =  .36694  =  c  ^  =  37  1« 
m  =40' 41  a+c=  1.25004 
«•  -Tj  52       a-'Cr^   0.51616 

Hence,  if  we  combine  A  and  C  we  ^D 
have 

T=.7500, 

which  will  be  +  or  positive,  l)ecause  '^  is 
greater  than  ISO'. 

Now,  we  have  — +  —    =    49«   19',/  I 

which  gives  40O  21'  for  the  direction  of  J 
thr&e  axes  the  resultant  kA  wVucV\  \a  y^  ^^x«:«  ^^x^  \tl  ^\««3^M>ft  two  foroeH  I 
quiied;  then,  if  we  oombuie  A.  wid  C  \s^    ^maxa^os^t,  Iksov  K.  *sA^,  \r5:!^ncr.'%jA 
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resultant  force  of  .7500 ;  but  the  ansle  «* 
or  C£6=400  41',  80  that  the  resultant 
lies  in  the  planeBEO;  and  hence  if  we 
combine  with  this  resultant,  or  +.7500, 
tiie  force  —.7500  produced  by  the  axis 
B,  the  result  will  be  0  ♦. 

The  same  method  is  applicable  to  the 
combination  of  axes  of  double  refraction ; 
the  numbers  corresponding  to  a,  6,  o  be- 
ing in  this  case  the  difference  between 
the  squares  of  the  velocities  of  the  ordi- 
naryr  and  extraordinaiv  rays,  as  produced 
by  each  axis  separately. 

Intensity  of  the  polarising  force  in 
d^ereni  crystals. — ^Asthe  force  of  double 
refraction,  which  depends  on  the  angular 
separation  of  the  ordinary  and  extraordi- 
nary images,  is  proportional  to  the  in- 
tensity of  the  polarising  force,  it  would 
be  extremely  mteresting  to  possess  a 
complete  list  of  doubly  refrxustine  crys- 
tals with  numerical  measures  of  the  two 
forces.  M.  Biot  determined  these  inten 
sities  for  a  few  crystals ;   but  the  fol- 


lowing list,' which  is  much  more  com- 

gete  than  his,  has  been  given  by  Mr. 
erscheL 

As  these  numbers  form  the  most  valu- 
able mineralogical  characters*,  it  would 
not  be  diAoufi  ibr  a  mineralogist  to  ac- 
quire the  art  of  makine  such  minerals. 
To  do  this  he  has  omy  to  obtain  the 
maximum  or  equatorial  tint  of  orvstals 
with  one  axis,  or  the  tint  perpendicular  to 
the  two  resultant  axes  m  crystals  with 
two  axes,  and  reduce  the  measures  to  a 
given  thickness  of  the  mineral.  Now 
uie  equatorial  tint  T,  in  the  first  case, 
may  be  found  by  the  rule  given  in  p.  22, 

coL  2,  or  by  the  formula  T=  .  ,  , where 
•^  sm."^ 

<  is  the  tint  expressed  numerically  at  any 

angle  p  with  the  axis ;  and  in  the  second 

t 
case,  by   the   formula   T=-; : — 

where  p  and  f'  are  the  angles  which  the 
refracted  ray  forms  with  the  resultant 
axes  of  the  crystal. 


Tc^le  of  the  Polarising  Intensities  qfsome  Crystals, 
I.— Crystals  with  onb  Axis. 

Vd««ofT 
teTaUew  light. 

Iceland  Spar                ....  35801 

Hydrate  of  Strontia,  assuming  the  Index  of  Refr.  s  1.25  1246 

Tourmaline           .....  S51 
Hyposulphate  of  Lime               ....    470 

QuarU                  .....  312 

Leacocyolite,  Uniazal  Apophyllite,  Ist  variety  .    109 

Camphor              .....  101 

Vctuvian                                                                 ,  .41 

Uniaxal  Apophyllite,  2nd  variety     ...  33 

— 3rd  variety            .             .  .3 

II. — Crystals  with  two  Axes. 
Nitre    ......  7400 

Anhydrite  (IncUnation  of  axis  43°  480  •  .    1900 

Mica  (Inclination  of  axis  45°)  <  1307 

Sulphate  of  Barytes  .521 

Heulandite  (White;  inclination  of  axi  54<>  17')  949 


VahiMdr  L 

0.000028 
0.000802 
0.001175 
0.002129 
0.003024 
0.009150 
0.009856 
0.024170 
0.030374 
0.366620 


0.000135 
0.000526 
0.000765 
0.001920 
0.004021 


*  Tke  preoeding  T«ry  geaeral  expUnatibn  of  th« 
•UBbiaaHon  of  thre9  axes  has  been  renderad  necessary 
by  the  fbUotring  remark  in  Mr.  Uenehel'i  able  Treth 
tm  0m  Light  recenUy  tmblished :— 

*  It  avpears  to  as  that  the  rv/e  for  the  paralUU' 
mamt  0/ tints,  a$  laid  down  by  Dr.  Brewster,  becomei 
uisDplieable  when  a  third  axis  it  introduced;  for  this 
^tvnoua  reason,  that  wh^n  we  woald  combine  the 
•ompoand  tints  arising  from  two  of  the  axes  (A3)« 
vith  that  arising  from  the  aetion  of  the  tiiird  (C).  al. 
ttoofh  the  sides  of  the  new  paraUel(^;ram«  which  most 
bt  eonstnieted,  are  gi^eo  (viz.  the  componnd  tint  T, 
wad.  the  simple  tint  t"),  yet  the  wording  of  the  mU 
Imren  «■  completely  at  a  loss  what  to  consider  as  its 
male  inminiifh  as  it  assigns  no  single  line  which 
eta  be  combined  with  the  axis  G  in  the  tnanner  there 
fsnireri.  or  wluch,  qmoeul  hoe,  is  to  be  uken  as  a  re- 
mtaat  of  the  axis  A,  B.**  We  hambly  oonc^Te  that 
the  diatiagnished  aathor  of  this  paasagt  has  commit. 
Ui  aa  ovenigbt  in  imppoeiag  that  Dr.  Brewiter  has 


ghrea  any  mte  for  the  eombinatiaii  of  three  axes. 
This  mie  or  law,  which  is  distin^aished  by  italic 
printing,  as  in  page  97,  eol.  S,  of  this  treatise,  relatM 
solely  to  the  combination  of  the  two  axes.  In  the  pa- 
ragraph following  the  rule  given  in  the  Philotophtcal 
TnuuMtions,  1818,  Dr.  Brewkter  remarks  that  **  if 
the  crystal  has  three  or  more  axes,  the  resulting  tint 

Erodneed  from  anr  two  of  them  may,  in  like  manner, 
p  combined  with  the  third.and  this  resulting  tintwith 
the  fourth.till  the  general  resultant  of  all  the  forces  is 
obtained."     Here  he  obriously  states  no  rule,  bat 
merely  that  the  third  axis  may  be  combined  in  like 
manner  with  the  resultant  of  the  other  two.    This 
manner  he  did  not  think  it  necesaary  then  to  point 
out,  as  he  conceived  it  would  occur  to  any  person  who 
ttudied  the  subject.     We  have,  therefore,  felt  it  ne- 
oeaaarv  to  show  that  the  rale  or  law  if  perfectly  ap> 
plieable  in  all  cases. 
•  SUn.  JPhU,  Jouru,  vol  rU.  p.  18, 
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Chaptbr  IX. 


Deviation  of  the  polarised  tints  from 
those  of  Newton's  scale — Mr.  Her- 
scheVs  discovery  of  the  different  jf^si- 
tions  of  the  optic  axes  in  the  same 
crystal  for  differently  coloured  rays 
— Deviation  in  crystals  with  one  axis 
— Rings  of  Apophyllite,  ^.—Pheno- 
mena of  Glauberitt. 

Having  consid«Kd  in  the  preceding 
chapter  Itie  form  of  the  rin^  and  the 
law  of  their  production,  we  come  now 
to  consider  uie  colours  of  which  they 
consist.  M.  Biot  had  taken  it  for  jE^ntea, 
in  all  his  investi^tions,  that  they  were 
the  same  as  the  colours  of  thin  plates ; 
but  in  1813,  Dr.  Brewster  showed,  in 
his  table  of  the  colom^  of  the  rings  in 
topaz*,  not  only  that  they  varied  in  dif- 
ferent azimuths,  but  that  there  were  even 
colours  developed  at  the  extremity  of  the 
two  resultant  axes.  In  his  paper  on  the 
laws  of  polarisation,  written  in  1817, 
he  remarKs,  "  that  in  almost  all  crystals 
with  two  axes,  the  tints  in  the  neigh- 
bourhood of  the  resultant  axes,  when 
theplate  has  aconsiderable  thickness,  lose 
theur  resemblance  to  those  of  Newton's 
scale,  as  will  be  more  minutely  described 
in  another  paper;"  {Phil.  Trans.,  \%\%, 
p.  243,)  and  in  April,  1817,  he  com- 
municated to  the  Royal  Society  of  Edin- 
burgh, his  discovery  of  the  extraordinary 
system  of  rings  in  the  apophyUite  from 
the  Tyrol,  in  which  the  colours  had  not 
the  slightest  resemblance  to  those  which 
appear  in  carbonate  of  lime,  apatite  and 
b^ryl.  In  the  prosecution  of  the  subject, 
he  found  that  in  biaxal  crystals  the 
deviation  was  strong,  as  in  tartrate  of 
potash  and  soda,  and  in  acetate  of  lead ; 
and  that  the  crystals  in  which  it  was 
found  might  be  divided  into  two  classes ; 
viz. — 1st.  those  that  had  the  red  ends  of 
the  rings  inward,  or  within  the  resultant 
axes,  and  the  blue  ends  outwards,  or 
without  the  resultant  axes;  and  2nd. 
those  that  had  the  red  ends  outwards, 
and  the  blue  ends  inwards.  Those  crys- 
tals in  which  the  deviation  is  very 
striking,  are  given  in  the  following 
table : — 

Class  I. — Red  ends  inwards. 
Nitre. 

Sulphate  of  Strontia. 
■Baryta. 


•  Phil.  Trans.  1814.  p.  SOi  SO?.— The  phenomena 
ware  represented  in  coionred  drawings  now  in  tho 
posactsion  of  the  Royal  Society. 


FhoaphateofSoda. 

Tartrate  of  Potash. 

Hyposulphite  of  Strontia  (Herschel). 

Sugar  (Herschel). 

AjTBgonite. 

Cart^nate  of  Lead. 

Sulphato-bi-carbonate  of  Lead. 

Class  II. — Red  ends  outwards. 
Topaz. 
Mica. 
Anhydrite. 

Tartrate  of  Potash  and  Soda. 
Native  Borax. 
Sulphate  of  Magnesia. 
Arseniate  of  Soda. 

Crystals  undassed, 
Chromate  of  Lead. 
Muriate  of  Mercury. 

Copper. 

Oxynitrate  of  Silver. 
Sugar. 

Crystallised  Cheltenham  Salts. 
Nitrate  of  Mercury. 
■  Zinc. 

Lime. 

Superoxalate  of  Potash. 
Oxalic  Acid. 
Sulphate  of  Iron. 
Cymophane. 
Feldspar. 
Benzoic  Acid. 
Chromic  Acid. 
Nadelstein. 

Tliis  curious  branch  of  the  polarisa- 
tion of  light  attracted  the  particular  no- 
tice of  Mr.  Herschel,  who,  by  examining 
the  phenomena  in  homogeneous  ligh^ 
discovered  that  the  resultant  axes  differ 
in  situation  within  one  and  the  same 
crystal  for  the  differently  refrangible 
homogeneous  rays.  ''  To  make  this  evi- 
dent," says  he,  "  to  popular  inspection, 
take  a  crystal  of  RocheUe  salt  (tartrate 
of  potash  and  soda),  and  having  cut  it 
into  a  plate  perpendicular  to  one  of  its 
optic  axes,  or  nearly  so,  and  placed  it  in 
a  tourmaline  apparatus,  let  the  lens  be 
illuminated  \rith  the  rays  of  a  prismatic 

rtrum,  in  succession,  beginning  with 
red,  and  passing  gradually  to  the 
violet.  The  eye  being  all  the  time  fixed 
on  the  rings,  they  wm  appear  for  each 
colour  of  perfect  regularity  and  form  re- 
markably well  defined,  and  contractir^ 
rapidly  in  size  as  the  illiunination  is 
made  \rith  more  refran^ble  light;  but, 
in  addition  to  this,  it  will  be  observed 
that  the  whole  system  appears  to  shift 
its  place  bodily,  and  advance  regularly 
in  one  direction  as  the  illumination 
changes ;  and,  if  it  be  alternately  altered 
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from  rfd  to  vioUl  and  bach  igtia,  the 
pole,  with  the  rings  about  it,  will  dio 
move  backwards  and  (brwards,  vibrat- 
ing, as  it  were,  over  a  considenible  space. 
If  honiOKeneous  rays  of  two  coloura  be 
thrown  E^  once  on  the  lens,  two  sets  of 
rings  will  be  seen,  having  their  centres 
more  or  less  distant,  and  their  mssiu- 
tudes  more  or  less  different,  accormng 
to  the  difference  of  refrangibility  of  the 
two  species  of  light  employed." 

This  description  will  be  understood  l^ 
referring  to  _fig.  27,  where  we  may  sup. 
pose  the  rings  round  A  to  he  those 
Tiewed  by  the  observer.  In  violet  light, 
thev  will  approach  towards  CD,  and 
within  28°  of  it,  whife,  in  red  hght,  they 
wiD  recede  firom  CD  as  far  as  38°,  tlie 
rin^  formed  by  intermediate  colours 
havmg  intermediate  positions,  the  centres 
of  all  these  systems  of  rings  lying  in  one 
Tdane,  viz.  that  of  the  principtd  section  of 
the  crystal  passing  through  AB.  These 
results  will  be  still  better  seen  by  using 
a  crystal,  in  which  both  the  systems  of 
rings  ronnd  A  and  B  are  seen  at  once. 
The  centres  AB  of  the  two  systems  will 
approach  to,  and  recede  from,  each  other, 
according  aa  violet  or  red  U^t  is  used; 
■o  that,  when  wtute  light  is  used,  all  the 
■ystems,  when  seen  at  once,  will  form  a 
most  irregular  system. 

In  the  rings  of  topaz,  and  of  other 
OTitali,  Dr.  Brewster  otiserved  the  tinia 
tocmimeDcefromldack,  at  pinnts  which 
be  called  virtual  palet,  because  th^ 
Ktn  different  from  Uie  real  poles.  These 
rtrtual  poles  lie  between  the  resultant 
axes  in  crystals  of  the  first  class,  and 
bntnd  them  in  those  of  the  second 
d  are  ea^y  explained  by  the 
ition  which  takes  place  in  con- 
aaqaence  of  the  displacement  of  the  rings 
tbr  diS^rent  colours. 

In  crystals  where  the  displacement  of 
the  rings  is  very  great,  the  two  oval  cen- 
tnd  sp^  shown  lajig.  32  are  drawn  out, 
ai  Mr.  Herschel  observes,  into  long 
^leetia  or  tails  of  red,  green,  and  violel 
Mit,  and  the  extremities  of  the  rings 
£nm  in  the  same  figure,  are  distorted 
and  highly  coloured,  exhiliiting  the  ap- 
MKwiceshownin^.35.  Ifweexamine 
uese  spectra  with  coloured  media,  which 
absorb  different  colours,  they  will  be 
found  to  consist  of  well  defined  spots  of 
the  several  simple  colours,  arranged  on 
carii  side  of  the  principal  section,  as 
■hewn  in  fl^.  36.  The  len^  of  the 
qwetnvrithui  the  crystal  is,  in  Kochelle 
Wt,  no  ksa  than  ten  degieei. 


The  discoreiy  of  Mr.  Herschel,  which 
we  have  now  explained,  is  a  complete 
proof,  if  any  were  wanted,  of  Dr.  Brews- 
ter's theory,  that  all  the  tinls  are  related 
Fig.  36. 

^^    Orange. 

^^     YeHow.      , 
09     Green. 

#•        VbM. 


•  ■       Violet. 

to  two  rectangular  axes,  and  that  the 
two  apparent  axes  passing  through  the 
centresof  the  systems  of  rings,  are  merely 
axes  of  compensation,  or  resultant  axes. 
If  this  were  not  the  case,  Rochelle  salt 
would  have  two  axes  tor  each  different 
ray  of  the  spectrum,  and  the  axes  of 
crystals  would  have  no  definite  position, 
and  no  relation  to  the  crystalline  form  of 
the  substance.* 

In  order  to  explain  the  cause  of  the 
displacement  of  the  systems  of  rings  in 
homogeneous  hght,  let  the  rings  l>e  pro- 
duced by  two  negative  axes  C,  A,_^.37. 
of  which  C  is  of  such  strength,  Oiat  it 
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will  produce  at  F  the  fame  tint  of  red 
light  that  A  does  at  F,  In  this  case,  the 
tints  will  destroy  one  another,  and  the 
black  spot  at  F  will  be  the  pole  of  one  of 
the  systems  of  rings  of  red  light  If  C 
and  A  had  the  same  proportional  action 
on  the  violet  and  other  ra^  as  on  the  red 
rays,  which  is  the  case  m  In-caxbonate 
of  ammonia,  then  F  would  also  be  the 
point  of  compensation  for  violet  or  other 
li^ht,  and  the  pole  of  the  violet  or  other 
rings.  In  this  case,  there  would  be  no 
virtual  poles,  no  dispUcement  of  the 
rings  in  homogeneous  li^ht,  as  in  Ro- 
chdle  salt;  ud  the  tute  would  be 
exactly  those  of  Newton*s  scale.  But,  if 
the  axis  C  has  a  greater  proportional 
action  upon  the  violet  and  otner  rays 
than  A,  it  will  produce  fi  higher  tint  at 
F  than  that  produced  by  A;  and  the 
point  of  compensation  will  now  be  at/, 
which  will  beoQooe  the  centre  of  the  violet 
system  of  rings.  The  centres  of  the  other 
systems  of  rings  for  yellow  and  green  light 
will  occupy  intermediate  points  between 
F  and  /,  and  FF  will  be  the  inclination 
of  the  resultant  axes  for  red  light,  and 
ff  for  violet  light.  This  is  tne  case 
with  all  the  crystals  in  Class  I.  of  the 
preceding  Table.  On  the  other  hand,  if 
the  axis  0  had  a  less  proportional  action 
upon  the  violet  rays  than  A,  the  points  of 
compensation  would  be  at  c  and  c,  and  cd 
would  be  the  inclination  of  the  axes  for 
blue  light,  which  is  the  case  with  all  the 
crystals  in  Class  II.  Here,  then,  we  have 
a  complete  explanation  of  all  the  pheno- 
mena observea  by  Mr.  Herschel,  and  are 
able  to  calculate  them  in  the  most  rigo- 
rous manner,  by  supposing  the  real  axes 
to  be  at  A  and  C,  and  to  have  an  inva- 
riable position  coincident  with  fbced  fines 
in  the  primitive  form  of  the  mineraL 

The  most  remarkable  example  of  de- 
viation from  the  tints  oi  '^e^oxsk^  %cal<& 
occurs  in  apophyUiU^  ^Yuciki  \»a  fgiSDi^ 


raUyoM axii of  dfrafale  refraction.   In 
theT^rai  anophyllite,  acoordiiig  to  Di 
Brewiter,  Uk  syttem  of  coloured  lingt 
with    which  its  axis    is    surrounded, 
is  Qomposed  of  unusual  tints,  the  onh 

SVtN0,  separated  by  aring  of  white  fight 
examining  the  ano>phyI]ite»  howerer, 
in  honu^neous  l^;ht,  Mr.  Herschel  sue- 
oeeded  m  detemuning  that  acme  wjfb- 
cimens  exercise  a  negative  or  nonhtM 
action  upon  the  lays  at  one  end  of  the 
spectrum,  ^ponHve  or  aiiraeUve  actkn 
i^pon  the  rays  at  the  other  end  of  the 
spectrum,  and  no  action  aiali  npon  the 
mean  refrangible  rays.  In  one  ease  the 
doubly  refractinj;  action  ceased  in  the 
ye^wnm  and  m  another  in  the  mitfo 
rays.  ThefoOowing  were  tfaetintsw- 
served  in  these  two  cases. 
First  Spbcimsit.— ^Vr«#  (Mm'.  Bkd^ 
sombre  red,  orange  yellow,  gvKS, 
greenish  blue,  somm  aal  dotty 
Que. 

Second  Order,  Dull  purj^  piok, 
ruddy  pink,  phik  yellow,  pale  |«l- 
low,  (almost  white)  taluisb  gum, 
dull  pale  blue. 

Tkird   Order.     Very  dSlute  iiiii|l^ 
pale  innk,  white,  very  pale  mw. 
Sbcond  Spbciven. — Firsts  and  oidf 
Order.    Bl^k,  sombre  indigo,  in- 
digo, indieo  inclining  to  purpfe,  pile 
bluepux^,  verypale  rpdcfidipinjJe^ 
pale  rose  led,  wnite,  white  witn  a 
nardly  perceptible  tinge  of  green. 
In  these  two  spectnaens  the  xings  ia- 
(sease  in  diameter  with  great  rapi^ 
fkun  the  red  end  of  the  spectrum ;— tbcv 
become  infinite  in  diameter  in  the  yah 
low  rays  in  Specimen  ftrei^  and  in  tk 
indigo  rays  in  Specimen  second;  after 
which  they  again  beoome  ^ite  and  eoa- 
tinueto  contract  up  to  the  violet  end  of 
the  spectrum,  where  they  have  stiE  t 
considerably  laiger  diameter  than  in  the 
red  rays. 

In  other  specimens  of  apophj^lhi^  j 
which  Mr.  Herschel  calls  UuaxffdiUt 
from  the  rings  being  white  and  bladc,the 
action  of  the  doubly  refracting  force  vis 
so  equal  upon  all  the  rays  of  the  sptt- 
trum,  that  the  diameter  of  the  wp  mi 
nearly  ahke  for  all  colours.  If  this  iren 
accurately  the  case,  the  system  of  liagi 
formed  in  white  li^ht  l>y  the  siqierf^ 
aition  of  all  these  rings  would  be  simjii 
alternations  of  perfect  black  and  wink 
Tbia^d^ialitY  was  so  nearly  the  case  ii 
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thirty-five  riBg«.    Under  a  more  careful 
examination,   however,  he  fomid   that 
they  had  the  following  colours. 
Firtt  Oncfer.— Black,   greenish    white, 

bright  white,  purplish  white,  sombre 

violet  blue. 

Second  Ordw.— Violet  almost  blaek, 
pale  yellow  green,  greenish  white, 
white,  purplish  white,  obscure  indi- 
go inclining  to  purple. 

Third  Order, — Sombre  violet,  tolerable 
yellow  green,  yellov?ish  white,  white, 
pale  purple,  sombre  indigo. 

Fourth  Order. — Sombre  violet,  livid  grey, 
yellow  green,  pale  yellowish  white,  and  +B.)  for  y«/fott^  light,  and  that  -C 
white,  purple,  very  sombre  indigo.  acts  more  powerfully  upon  the  red  rays, 
Mr.  Herschel  likewise  found  a  remark-  than  +  C,  while  +  C  acts  more  energet- 
able  deviation  of  the  tints  in  hyfxh9ul-  ticallyupon  \\i^  violet  ravs.  In  this  case 
jaAoteq/'^Kottf,  andin  Veeuman\  the  two  aices  +C  and  —  C  w^l  coiq? 
The  explanation  of  such  remarkable  pensate  one  another  exactly  for  yellow 
deviations  from  the  usual  tints,  as  exhi-  light,  op  there  will  be  no  double  retiuc- 
bited  in  apophyllite,  was  deduced  by  Dr.  tion  and  polarisation  for  yellow  rays,  or 
Brewster  from  his  Theory  of  Rectangu-  the  diameter  of  the  rin^  wiU  be  infinite. 
lar  Axes,  and  by  means  of  it,  all  the  Inwilightthepredominanceof  —  C  will 
preceding  phenomena  are  capable  of  the  leave  a  single  negative  axis  of  double  re- 
most  rigorous  computation,  in  the  Phil,  fraction  for  red  rays,  and  will  conse- 
Traii«.  1818,  p.  249,  he  has  shown  "that  <^uently  produce  a  negative  system  of 
a  single  positive  axis  (yi§'.38)may  be  repre-  rings.  In  violet  light,  on  the  contrary,  the 
sentai  by  three  rectangular  positive  axes  pedominance  of  the  action  of  +0  will 
(C,  A,  and  B)  provided  two  of  them  (A,  B)  leave  a  single  jDoWltW  axis  of  double 
are  ecjual,  and  the  third  (C)  has  ^  less  refraction  for  violet  rays,  and  will  con- 
intensity  than  the  other  two."  The  same  sequently  produce  a  positive  system  of 
aathor  has  also  shown  (PAfV.  Trane,  rings.  The  compensation  here  described  is 
1813  ) that  double  refracting  crystals  have  exactly  analogous  to  that  of  a  compound 
also  two  dispersive  powers ;  and  he  con-  lens,  consisting  of  a  convex  and  concave 
eluded  that  in  crystals  with  two  axes,  lens  of  equal  curvatures,  of  such  glass 
each  axis  has  a  different  action  upon  the  that  their  indices  of  refraction  for  yellow 
difTerently  coloured  rays.  i^ys  is  equal,  while  the  index  of  refrac- 
In  tbe  case  of  apophyllite,  then,  the  two  tion  for  the  violet  rays  is  greater  in  the 
positive  axes  A,  B,  (Jig.  38)  will  produce  convex  lens,  and  the  index  for  the  rea 
a  negative  resultant  axis  at  C ;  and  as  ravs  greater  in  the  concave  lens.  Such 
the  real  axis  at  C  is  positive,  the  ap-  a  lens  will  converge  the  violet  rays,  e/t- 
jparent  or  finally  resultant  axis  at  C  will  ver^e  the  red  rays,  and  produce  no  de- 
be  a  single  axis,  negative  if  the  negaUve  yiation  at  all  in  the  yellow  ones.  That 
be  the  strongest!  andpoW/tv^if  thejixw-  is,  the  sanae  compound  lens  will  be  a 
five  axis  be  the  strongest.  Now  let  us  fiane  lens  in  yellow  light,  a  convex  one 
suppose  that  in  the  apophyllite  the  two  in  l^lue  light,  and  a  concave  one  in  red 
aaos  at  C  have  ecjual  mtiensity,  viz.  +C  hght. 
and— C,  (— C  bemgthe  resultant  of +A  In  this  view  of  the  subject  each  order 

of  colours  in  apophyllite  is,  as  it  were,  a 

•  "Amonjf  cnrBttl.  with  one  »«..-  «aYi  Mr.  secondary  residual  spectrum  arising  from 

Hersfhel  "Dr.  Brewster  has  ennmerated  the /<»»crai#  -,              y..     ^   -•       *^r  .v                ..  ®          , 

or  Ven^n,  and  cometij.  Had  he  noUoed,  hov-  tbe  Opposite  actiou  of  thc  negative  and 

•wr,  in  the  »|)eciinen»  examined  by  him,  the  yer/  positlvC   aXCS,   and    the    tints    Of   which 

•triking  inveruion  of  the  tints  of  Newton's  scale  ex-  fVipep  nrrfprs  ar«»   pnninn«pH    will    nemetL. 

h&ited  m  the  rings  of  that  now  before  os,  he  wmUd  inese  orQcrs  are  composea  wui  conse- 

doabtlera  hare  made  mention  of  it."     Treatise  on  qUCUtly  Vary  according   tO   the  locauty 

tight.  4  1185.  Dr.  Brewster  examined  oii/y  ojm  speci-  Qf  the  ray  Of  compensation, 

men  of  Vesunan,  which  was  a  large  and  Taloabk  ■« xC,^     •«        '^  a.  e 

errsui  lent  to  him  for  the  ourpwe;  »«d  which  ha  Prom  the  Circumstance  of  some  speci- 

WM  not  allowed  to  cat    It  was  of  a  nntbrowa  mcus  of  apophyllite  cxercising  a  negative 

ff'ru'aiS^°iSdS::U''X'JrWiSrii2S2  <««««  «{*»  "gW.  Dr.  B^wster  states. 

§n  tka  obMrratkm  madt  by  HexaehaL  that  he  had  no  doubt  that  a^^h^Us&5^ 
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woald  yet  be  found  in  "wfaich  the  uds  is 
nejratiye  in  all  the  rays  of  the  spectrum^ : 
and  some  years  afterwards  he  discovered 
the  remarkable  mineral  of  oxahoerite^ 
whichis  anapophyllite  with  this  property.t 

These  views  have  been  conmmed  aiid 
illustrated  by  a  more  recent  observation 
of  the  same  author,  who  has  found  that 
glauberite  has  two  axetfar  red  light  and 
only  one  negalwe  axie  for  violet  liffht. 
In  this  case  the  single  negatwe  vuflet 
axis  C  is  the  resultant  of  two  positive 
axes  at  A  and  B  of  equal  intensity.  While 
the  same  two  axes  have  different  inten- 
sities for  red  and  the  other  rays  of  the 
sfMctrum. 

Hence  in  apophpUiteihe  single  system 
of  rings  is  the  resultant  system  of  three 
rectangular  axes,  Wtdle  in  glauberite 
the  single  svstem  of  tfiolet  rings  is  the 
resultant  oftwo  rectangular  axeSi 


Ghaftsk  X. 

Came  qf  ine  CoUmn  of  Polarieed 
Lifht^Biofs  Theorif  cf  moveable 
PotarieaUon — Laxoe  of  the  Inter- 
ference ofPolarvud  Raye — ihdr  op- 
vUeation  to  explain  the  Colomre  t^ 
Polarieed  Light. 

HAYmo  thus  described*  as  brkAy  and 
perspicuously  as  we  can*  the  mienl 
idiaBomena  of  the  colours  of  potarised 
ught  as  produced  by  doubly  refiractinj 
ciystals,  we  shall  proceed  to  oooader 
the  eiplanaHons  which  have  been  givra 
of  them.  We  hav^e  already  shown,  in 
Chap.  VI.  p.19,  that  the  thin  pbte  of 
sulphate  of  lime,  D  £  F  G,  divides 
white  light  into  two  cciloured  pendli, 
complementarvto  each  other,  as,  fbr  ex- 
ample, rstfajiafTeefi.  These  are  the  ev- 
iraordmarif  una  ordinary  inuges  pro- 
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duced  by  double  refraction ;  and  we  shall 
distinguish  them  b^  the  letters  E  and  O. 
In  doubly  refracting  plates  or  crystals 
of  considerable  thickness,  the  two  pen- 
cils, O  and  E,  are  perfectly  white  and 
e^ual,  and  ave  polsoised  in  planes  at 
right  angles  to  each  other,  as  already 
explained*  but  in  thin  plates,  where  O 
and  £  arc  coloured,  they  are  polarised  in 
a  different  manner. 

S  ince  the  extraordinary  pencil,  namely, 
tlic  red  one  or  £,  is  reflected  by  the  ana- 
lysing plate  C,  and  is  a  maximum  when 
C  is  in  tlie  azimuths  of  90o  (the  one  shown 
in  the  figure)  and  270O,  its  polarisa- 
tion must  be  different  from  that  of  the 
ray  A  B ;  and  since  no  part  of  the  ordinary 
pencil,  or  thcgreen  one  O,  is  reflected,  this 
last  must  have  tlie  same  polarisation  as 

•  Edin.  Kncyel.  art.  Optics.    Vol.  XV.  p.  697. 
,  **  Bdut,  Joutnal  of  Sdence.  Ho.  XIU.  p.  V.\&. 


the  pencil  A  B.  Hence  the  action  of 
the  plate  of  sulphate  of  lime,  D  E  F  6. 
upK>n  the  polarised  ray  A  B,  is  to  divide 
it  into  two  pencils,  O  and  £,  green  and 
rec^  the  former  having  the  same  polar- 
isation as  A  B,  and  the  latter  a  di&mt 
polarisation.  Let  us  now  suppose  the 
plate  D  E  F  G  to  revolve  round  the  ray 
A  B,  and  let  a  be  the  angle  of  azimuth 
which  the  axis  F  G  of  the  crystal  or  plate 
of  sul])hate  of  lime  forms  with  the  plane  of 

Erimitive  polarisation  R  A  B  :  then  we 
ave  idready  seen  that  when  a— 45°,  the 
red  rays  are  reflected  at  C,  when  the 
azimuth  of  C  is  90°  and  270°,  and  is  not 
reflected  at  all  when  its  azimuth  is  0^  and 
180°.  Hence  the  red  pencil  or  £  must 
have  been  polarised  in  a  plane  at  right 
angles  to  that  of  A  B,  or  the  change  of  po- 
larisation effected  by  the  plate  must  have 
bwsn90O=2K 450=2 OL    Bymakn^aof 
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fwioas  masn^tudes,  M.  Biot  detennined       This  law  may  be  easily  verified  Iw  re- 

that  the  change  of  polarisation  of  the  peating  the  experiment  in  Chap.  Xll. 

gencil  £  was  always  equal  to  2  a,  and  p.  31,  in  polansed  instead  of  common 
e  thus  established  his  doctrine  of  move-  light,  when  it  will  be  found  that  the 
abh  polarisation  in  a  double  azimuth,  fringes  polarised  by  interference,  and 
in  contradistinction  to /x££^/>o/ama/to/i,  shown  in^.  34,  are  exactiy  the  same  as 
or  that  which  takes  place  in  thick  crystals,  there  represented. 
Hence  it  follows  that  in  thin  plates  the  2.  Tido  rays  of  light  polarised  at 
pencils  O  and  £  are  not  polarised  at  r^ht  angles  to  each  other  exhibit  none 
light  angles  to  each  other,  as  in  thick  of  the  phenomena  of  interference. 
i&tes ;  but  no  attempt  was  made  to  de-  In  order  to  prove  this,  M.  Fresnel 
lermine  by  what  changes  the  moveable  bisected  a  rhomooid  of  Iceland  spar,  sn 
polarisation  passed  into  the  fixed  polarir  that  each  piece  at  the  line  of  bisection 
sation,  or  at  what  limit  a  plate  ceased  to  must  have  had  exactly  the  same  thick- 
be  a  thin  one,  or  began  to  be  a  thick  one.  ness.  He  then  placed  the  one  above 
Upon  this  doctrine  M.  Biot  attempted  the  other,  so  that  their  principal  sections 
to  explain  all  tlie  colours  of  polansed  ftmned  an  angle  of  90^  In  this  state 
light  Dy  his  theory  of  the  *'  oscillation  of  the  emergent  pencils  will  only  be  dou- 
luminous  molecules,**  a  theory  of  great  ble,  as  shown  at  F>/^«  20.  These  two 
bddness  and  ingenuity.  He  supposed  pencils,  therefore,  differ  only  in  being 
that  as  soon  as  a  polarised  ray  pene-  polarised  at  right  angles  to  each  other, 
trated  a  thin  crystalline  plate,  its  plane  and  when  any  hodiy  is  placed  in  this  light 
of  polarisation  oscillated  alternately  in  no  phenomena  of  interference  are  visible. 
two  different  planes,  one  its  origmal  M.Ara^  obtained  the  same  result  by 
plane  of  polansation,  and  the  other  the  transmitting  lis^ht  diverging  from  a  lu- 
plane  of  2  a.  The  frequency  of  these  minous  point  tlurough  two  fine  slits  in  a 
alternations,  like  Newton's  fits,  varied  thin  piece  of  copper.  When  these  slits 
with  the  refrangibility  of  the  ray,  being  were  viewed  by  a  lens  in  the  manner 
greatest  in  the  red  and  least  in  tne  violet,  employed  by  ^snd,  the  frin£:es  pro- 
andaresupposedtotakepkceatequalin-  duoed  by  interference  were  oistinctly 
tervaLs,  while  the  ray  is  passing  throu^  visible.  *He  then  prepared  two  bundles 
the  plate.  Upon  this  h^thesois  M.  Biot  of  pieces  of  thin  mica,  or  films  of  blown 
hastounded  his  explanation  of  the  colours  ^ass,  by  dividing  one  bundle  into  two 
of  polarised  light;  and  it  might  have  re-  with  a  sharp  cutting  instrmnent.  These 
xnained  long  as  a  monument  of  the  au-  bundles  were  placed  so  that  they  could 
thor*8  ingenuity  and  as  a  hypothetical  ex-  revolve ;  and  when  they  were  so  arranged 
passion  of  a  great  number  of  phenomena,  as  to  polarise  light  in  parallel  planes 
AadnotM.  Fresnel  sapped  its  foundations  distinct  fringes  were  produced  by  the 
by  a  beautiful  analysis  of  the  phenomena  slits,  in  the  same  manner  as  if  the  bundles 
on  which  it  rests,  and  a  reference  of  all  the  of  mica  were  removed ;  but  when  they 
colours  of  polarised  light  to  the  general  were  placed  so  as  to  polarise  the  light  in 
principte  of  interference.  This  exdbuiar  rectangular  planes,  no  fringes  were  pro- 
tion,  indeed,  was  first  given  by  Dr.  Thos.  duced.  A  still  more  elegant  and  con- 
Young,  but  it  was  the  discovery  of  M.  vincing  experiment  was  employed  by  M. 
Fresnel  alone  that  established  it  upon  an  FresneL  He  placed  a  film  of  sulphate 
imprep[)ablc  basis.  of  lime  before  two  narrow  slits.  Two 
The  general  principle  of  the  interfer-  images  of  each  slit  were  thus  produced, 
ence  of  common  light  has  been  explained  which  majr  be  called  R  O,  R  E,  and  L  O, 
in  the  Treatise  on  Optics,  Chap.  XII.  L  E,  viz.  right  ordinary  ray,  right  extra- 
pi.  3 1 .  We  shall  therefore  proceed  to  giye  ordinary  ray,  &c. ,  according  as  they  come 
some  account  of  the  experiments  of  M.  from  tHe  right  or  left  hand  slit  In  ob- 
Fresnel,  who  was  associated  with  M.  serving  carefully  the  results  of  the  expe 
AJago  in  this  inquiry.  The  follownu;  liment,  it  is  found  that  RO  and  LO, 
is  a  brief  view  of  the  leading  results  whida  and  RE  and  LE,  similarly  polarised, 
they  obtained.  produce  by  their  interference  distinct 
1.  When  tux>  rays,  polarised  in  the  fringes;  while  RO  and  LE,  and  LO 
same  plane,  interfere  with  each  other ^  and  RE  produce  no  fringes  at  alL  This 
the  phenomena  of  their  interference  are  experiment  admits  of  a  beautiful  varia- 
identicaUy  the  same  as  with  two  rays  of  tion  by  bisecting  the  film,  and  turning  one 
common  light.  half  a  quadrant  round  initsown  pEkoe  ; 
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ImtwehftT^ttot^picetoocnitimiiDg^  laws  of  tlie  iiiterferaade  of  ligfat  y/9Mi 

■ubjeet.  have  beoi  estaUished  in  this  oountiy  ; 

8.  Jico  raif9  wrigmalbf  pcitmrued  m  and  that  all  their  apparent  intricacies 

rectangular  planet  num  he  €fterward»  and  eapneioui  variaaans  are  only  the 

reduced  to  wb  tame  jpiane  ^  poktritO'  neoesaaiy  consequences  of  the  simplest 

HoH^  without  aeqmnng  theprnperty  of  apfdicAtion  of  these  laws.    The?  are,  in 

interference.  hiStf  merdy  Tarieties  of  the  cciiours  of 

If  in  the  experiment  with  the  fihn  mixed  plates,  in  which  the  i^fypeannees 

of  mica  we  place  between  the  eye  and  are  fbund  jto  resemble  the  eolcwors  of 

the  sheet  of  copper  a  doubfy  refract-  dmple  thin  plates,  when  the  thlokness  is 

ing  crystal,  havn^  its  principal  section  increased  in  the  same  proportioQ  as  the 

inclined  45^  to  eiOier  of  the  planes  of  difference  of  refhustiTe  densities  is  less 

polarisation  of  the  interfering  pencils,  thantwicethewhdedensitf :  theeqloors 

each  pendl  ynll  be  (fividedbyrae  ciystal  exhibited  by  direct  transmissioii,  cone- 

into  two  of  equal  intensity,  and  wm  be  spotidbig  to  the  colours  of  thin  plalea 

polarised  in  two  rectangular  planes,  one  seen  by  reflection,  and  to  the  exbaordi- 

of  which  is  the  princi]^  section  of  the  naiy  refraction  of  the  cnrstaSine  sub- 

oiystaL    Intinsstateof  tilings  there  are  stances,  and  the  odours  of  mixed  plates 

no  fringes  seen  in  the  union  of  RO  with  exMlnted  by  indirect  ligfat  to  the  colours 

LO,  nor  in  that  of  L  E  with  R  £.  transmitted    through    common    thin 

4.  7V0O  rmt  polarited  in  oppotite  plates,  and  to  those  produced  by  the  or^ 

pianettOndafteriDardt  brought  into  ti-  ofouiry  refractbn  of  the  pobuisn^  sub 

m^ar  ttatl»  of  poiaritation,  interfere  stances.**     AaHHrding  to  these  Tiew8» 

Kke  common  ii^t,  protnded  theu  be-  eidoursoueht  to  be  produced  in  common 

hng  to  a  pencil,  the  wholeofiMiA  Mtt  as  well  as  m  polarised  ligiit,  and  it  was 

nriginaUy  polarited  m  one  and  the  ttwrefbre   left   to    MM.  Fresnel   and 

tamepkme,  Arago  to  show  how  the  nroductikm  ol 

^.Jnihe  phenomma  of  intefferenee  Such  colours  was  depenaent   on   the 

produced  by  dmMy  refiradted  rayt,  d  itffanithre  polarisation  of  the  pencil,  and 

difference  if  haif  an  undukdioti  muti  its  subsequetit  analysis  before  entering 

in  certain  eatet  be  admitted.  the  eye. 

These  two  last  results  are  deduced       The  second  of  the  preceding  laws  ex- 

fit>m  experiments  analogous  to  those  al-  plains  at  once  the  reason  why  no  eolours 

ready  described ;  but  it  would  occupy  too  are  exhibited  by  the  transmission  of  light 

much  of  our  limited  space  to  describe  through  a  thin  plate  possessing  double 

them  as  they  deserve.    We  must  there-  refraction.  The  two  pencils  are  polarised 

fbre  refer  the  reader  to  Mr.  HerscheTs  in  opposite  planes,  and  therefore  inca- 

Treatise  on  I<ight,  Part  FV.,  J  viii..  No.  pabfe  of  producing  the  periodical  colours 

960 — 973.  Dy  their  mterfisrence. 

The  doctrine  of  interference  was  first        In  order  to  explain  how  the  polarised 

employed  by  Dr.  Young,  in  an  article  in  tints  are  produced  by  interference  in 

the  Quarterly  Review  for  1814,  to  ex-  ordinary  cases,  let  us  taKe  the  case  shown 

plain  the  colours  of  polarised  light.    In  inf^^  21,  pp.  18,  19,  where  the  neutral 

that  article  he  maintains  *'  that  such  co-  axes  are  inclined  45°  to  the  plane  of 

kmrs  are  perfbctiy  reducible,  like  all  other  primitive  polarisation, 
oases  of  recurrent  colours,  to  the  general       Let  R  A,  y^.  40,  be  the  polarised  rqr 

1^.40. 
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ineident  on  the  ehrslallised  plate  M  N,  lawl,p.38,mterfereail(}producethecoiii- 
havinff  its  principal  section  or  one  of  its  plementary  colours  corresponding  to  the 
neutm  axes  inclined  45°  to  the  plane  in  uitervals  a  and  d+i^  undulation.  If  the 
whidi  R  A  is  polarised.  This  ray  will  ray  R  A  is  polarised  in  a  plane  at  ri^ht 
be  divided  by  aouble  refraction  into  two  angles  to  what  it  was  in  the  preceding 
rays  oppositely  polarised,  viz.  the  extra-  case,  it  vnll  suffer  exactly  Uie  same  di- 
ordinarr  luy  C 1)  or  E,  and  the  ordinary  vision  ;  but  the  intervals  of  retardation 
ray  B  F  oi*  O.  As  these  rays  differ  in  will  now  bed—^  undulation  and  d,  so 
velociiy,  the  one  ray  will  be  behind  the  that  the  two  pencils  will  exchange  co- 
other,  aJid  they  wiU  consequently  inter-  lours, 
fere,  beuig  polarised  -h45°  and  —45°  to  Chapter  XI. 
the  plane  df  primitive  pohurisation.  Let  jy^  ^  .^,  ^.  ^^^^^  R^racHm  in 
these  rays  be  now  received  on  a  doubly  ^^  A^niZmL  ^  "^"^'*  ^^ 
refracting  prism  of  calcareous  soar  P  Q,  ^natcime, 
havii^  its  principal  section  in  the  pkne  Tbb  remarkable  mineral  called  Anal- 
cf  primiti^  polarisation,  and  they  vrill  dme,  or  Cuhizitf!,  has  been  ranked  by 
be  again  donoled,  forming  the  four  pen^  mineralogists  among  those  which  have 
Cils  D  L,  FK,  D  H,  F G,  all  of  equal  the  cube  for  their  primitive  form ;  and 
intensity,  of  Which  H  S  and  6  T  are  henoe,  if  this  Were  the  case,  we  should 
jparallef,  and  L  V,  K  X.  The  compound  expect  to  fihd  it  without  double  refnc- 
p«ncils,  H  G  T  S  and  L  K  X  V  vriu  con-  tlon.  By  attentive  observation,  however, 
sist  of  two  systems  of  ray,  O  e  and  £  e,  no  distinct  cleavage  planes  can  be  ob- 
and  O  0  and  £  o,  the  one  oif  each  system  served,  and  the  remarkable  optical  struc- 
Ibliowitig  the  other  at  a  given  distaneo}  ture  of  the  mineral  confirms  us  in  the 
fhe  distance  between  0  ^  and  B  e  heUioi  a^tdon  that  its  erystallpgraphio  struo- 
di  and  bt  law  5,  the  distance  between  ture  is  stiU  unknown. 
O  0  and  £  o  being  ctbi  undulatioiL  But  The  moet  common  form  of  thk  mine- 
as  each  of  the  rays  of  these  two  systemt  ral  is  the  icosatetrahedron  shown  in  /Ig. 
h^e  maH^  polarisations,  thi^  win  by  41.    This  Kdid  is  contained  by  tweoty- 

^.41. 


four  equal  and  simikr  trapetta,   and  the  ftpel#0  ^Hagonals  of  its  six  feces,  it 

may  be  considered  as  derived  froiix  thO  viitl  be  leduced,  as  shown  in  Jig.  42,  into 

cube  by  three  truncations  on  each  of  its  twenty-four  irregular  tetrahedrons.   The 

angles,  inclined  144°  44'  8''  to  each  (rf  same  planes  wifl  divide  the  icositetrahe- 

its  faces,  and  146°  26'  33"  to  one  an-  dron.  Jig.  41,  into  twenty-four  similar 

other.  pentah^rons,  two  of  whose  planes  are 

If  we  suppose  the  ori^pnal  cube  to  be  placed  at  right  angles  to  each  other» 

divided  by  planes  passing  throu^  afi  naving  Hor  t&r  common  section  otie  oi 
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the  iLiee  of  tlie  soUJ,  nhile  a  third, 
equally  inclined  to  ttiose  tno,  and  form- 
ing an  Kogis  of  4S°  with  the  common 
■ection,  passes  tlirouzh  the  centre  of  the 
wosat^rahedron.  The  other  two  planes 
of  the  pentahedron  are  halTes  of  two 
of  the  aajoining  trapeiia  which  form  the 
surface  of  the  general  soUd. 

If  we  suppose  the  crystal  to  Kara  a 
cubical  form,  and  expose,  it  to  polaiised 
light,  inddent  perpendicular  to  any  of  it« 
&ces,  we  shall  find  thnt  all  the  ]^iuws 
passing  through  the  diagonals  are  planes 
of  no  double  refraction  and  pdarisation, 
as  shown  inj^.  43.  The  black  lines  at 
right  angles  to  one  another  show  the 
planes  where  there  are  no  polarised 
tints,  and  the  intermediate  shades  repre- 
sent the  different  orders  of  coburs  which 


of  oourse  depend  on  the  thicknen  of  the 
cryslaL  This  effect  is  produced  wlKn 
any  of  the  two  axes  of  the  cube,  or  thtrae 
lying  in  a  plane  perpendicular  to  the  po- 
larisM  ray,  are  indined  45°  to  the  plane 
of  piimitive  polaiis^on.  When  any  of 
these  two  axes,  however,  are  in  the  jJane 
of  primitive  polarisation  the  tints  dinp- 
pear,  and  continue  invidble  while  the 
crystal  is  made  to  revolve  round  tint 
axis ;  but  when  the  axis  is  inclined  to 
that  plane,  the  tints  re-appear,  and  reach 
thur  maximum  intensity  whftn  the  in- 
clination becomes  4S°, 

In  order  to  convey  an  idea  of  the 
structure  of  the  complete  crystal  we  have 
represented  the  icosatetrahedron  in^. 
44.  with  its  pknes  of  no  double  refraction 
and  polarisation,  and  the  tints  of  the  in- 


termediate solids.  The  daric  shaded  lines  this  figure,  and  in  j!g.  43,  can  never  be 

represent  the  jilanes  fn  vrhich  there  ia  no  seen  %  the  observer  at  once, 

double  refraction  and  polarisation,  and  The  tints  polirised  by  analcime  are 

tlie  binter  shadings  represent  the  tints,  those  of  Newton's  scale,  and  they  are 

The  ^ipearances,  however,  shown  in  negative  in  relation  to  each  of  the  four 
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txes  of  the  ieosatetnhedron.  This  re- 
markable structure  produces  a  distinct 
separation  of  tiie  oroinary  and  extraor- 
dinary images  of  a  minute  luminous  ob- 
ject when  tfie  incident  ray  passes  through 
any  paiv  of  the  four  planes  which  are  fd- 
jacent  to  any  of  the  three  axes  of  the 
solid.  The  least  refrapted  image  is  the 
extraordinary  one,  and  consequently  the 
doubly  refracting  force  is  negative  in 
rdation  to  the  axis  to  which  the  doubly 
refracted  ray  is  perpendicular. 

The  phenomena  of  the  tints  exhibited 
in  any  mdividual  sector,  COB,  Jig.  45, 

Fig,  45. 


have  no  relation  to  the  axis  of  the  ieosar 
tetrahedron  passing  through  O,  coiud- 
dered  as  an  axis  of  dout)te  refraction. 
The  direction  of  polarisation  of  every 
portion  in  each  sector  as  C  0  B,  is,  on 
&ie  contrary,  perpendicular  to  the  line 
C  B,  or  paralld  to  one  of  the  rectan^ 
lar  axes  of  the  icosatetrahedron  which 
is  perpendicular  to  the  axis  passing 
througn  0.  The  tint  at  any  point,  p  for 
example,  does  not  depend  upon  its  dis- 
tance p  0,  from  any  point  0,  but  upon 
its  distance  p  y,  from  the  nearest  plane 
of  no  polarisation  taken  in  a  direction 
perpendicular  to  C  B.  Calling  T  the 
tint  as  determined  by  experiment  at  any 
point  p  whose  distance  rr,  taken  in  the 
manner  now  mentioned,  is  D,  we  shall 
have  the  tint  /  at  anv  other  point  p  whose 
distance  pq  is  d,  by  the  ibUowing  for- 

Trf* 
mula, ' =-7^  f  the  thickness  of  the  erys- 

tal  being  supposed  equal  at  both  these 
points.  One  of  the  most  important 
results  of  these  experiments  is  the  sin- 
gular distribution  of  the  doubly  refract- 
ing force.  In  all  other  cry;stals  in  wluch 
the  laws  of  double  refraction  have  been 
stuped,  the  axis  to  which  the  doubly 
retracting  force  is  rdated,  has  no  fixed 
locality  m  the  mineral  It  is  a  line  par 
raltel  to  ft  given  line  in  the  primitive 


form,  and  every  fragment  of  a*  ciystal 
however  minute,  possesses  this  axis,  and 
all  the  optical  properties  of  the  original 
crystal,  however  large.  The  property  of 
double  refraction,  in  short,  in  regularly 
crystallised  substances,  resides  m  the 
ultimate  particles  of  tiie  body,  and  does 
not  depend  upon  the  mode  in  which  they 
are  aggregated  to  form  an  individual 
crystal  Inanalcime,  on  the  contrary, 
we  have  planes  of  no  double  refraction, 
having  a  definite  and  invariable  position, 
and  we  may  even  extract  a  portion  of 
each  separate  pentahedron  which  has  no 
axis  at  all*. 

Chapter  XIL 

Circular  Polarisation  —  in  Quartz — 
Right  and  Left  handed  Quartz^Afc^ 
gtedral  Crveials — Both  these  struc- 
tures united  in  Amethyst — Circtdar 
Double  Rrfraction — Circular  Polar- 
iscUion  in  Fluids. 

In  the  year  1811,  M.  Arago  observed 
along  the  axis  of  quartz,  when  exposed 
to  polarised  light,  certain  colours,  which 
demanded  in  the  scale  when  tiie  doubly 
refracting  prism  by  which  the  emergent 
light  was  analysed,  was  made  to  revolve 
round  its  axis.  He  observed  also  ^at  the 
two  images  displajred  the  complementary 
colours.  In  this  state  of  tne  subject, 
M.  Biot  directed  to  it  his  particular  at- 
tention, and  was  enabled  to  analyse  the 
phenomena  with  his  usual  sagacity. 

We  have  already  seen  that  in  crystals 
with  one  axis  the  system  of  rin^  is  tra- 
versed by  a  bliEUik  cross  at  the  mterseo- 
tion  of  whose  rectangular  branches  there 
is  neither  double  refraction  nol:  polarisa- 
tion, as  shown  in  flg,  25 ,  p.  2 1 .  In  rock 
crystal,  however,  uie  black  cross  is  ob- 
literated by  colours  which  fill  up  the  first 
ring,  and  encroach  upon  the  rest,  as  shown 
in^.  46.  These  colours  vary  with  the 
lof  the  plate  of  quartz;  but  they 


•  S«t  Edinlmri^  TnuisactioBs,  toL  x.  p«rt  u  pp, 
1B7— 194,  wVen  Dr.  Brewtter  first  detcxibtd  tat 
idMMMbeBft  cootaioed  in  thU  eh»pCer. 
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tions  which  are  composed  of  of^posite  doable  refraction^  M.  Fremel  made  the 

veins.**  following  experiment.    He  took  a  pnsm 

In  a  large  amethyst  the  veined  por-  of  righl-handedqaBxiz,  AB  C^  {jSg,  49J 
tions  were  perfectly  colourless,  while  the 
sectors  corresponmng  to  M  c  N,  &c  Jif. 
48,  were  of  a  pale  yellow  colour,  and  m 
another  specimen,  one  half  of  which  was 
yellow,  and  the  other  /t2tie,  the  yellow  was 
obviously  a  portion  of  one  of  the  sectors ; 
while  the  lilac  portion  conasted  wholly  of 
alternate  veins,  so  minute  as' to  deshnoy 

almost  wholly  the  rotatory  structure.  having  its  faces  A  B,  B  C  equally  in- 

The  property  of  quartz,  in  virtue  of  dined  to  R  R,  the  axis  of  the  pxism, 

which  it  produces  cuxular  polarisation,  along  which  the  circular  polarisatioa  is 

was  supposed,  by  M.  Biot,  to  reside  in  seen.    The  refracting^ angle  AB C  was 

the  ultimate  particles  of  silex ;  but  if  tlus  150^.    As  the  ray  R  R»  inddent  at 

were  the  case,  the  same  property  would  Q,  could  not  emerge  frT>m  the  fiaoe  EC, 

be  possessed  by  silex  in  all  its  forms,  he  cemented  on  the  faces  B  A,  B  C» 

which  Dr.  Brewster  found  not  to  be  the  two  halves   of  another  prism  exaetlr 

case,  after  a  minute  examination  of  opal,  similar  to  the  first,  but  cut  from  a  crystu 

tabasheer,  and  other  siliceous  minerals,  of  ^^^^AoiMiflrf  quartz.    These  two  halves 

He  likewise  found  that  the  roti^iy  pro-  are  shown  at  A  B  £,  C  B  D,  and  are  dis- 

perty  was  not  posses^  by  quaitz,  wnidi  tinguished  by  the  sign  — .    As  the  nj 

nad  been  deprived  of  its  civstallinestruo-  RR  will  pass  through  aU  these  three 

ture   by   fusion ;     and    Mr.  Hersdiel  prisms  in  a  line  para&l  to  their  axes  of 

sought  for  it  in  vain  in  a  solution  of  oouble  refraction,  it  oannot  be  separated 

silica  in  potash,  though  the  silex  previ-  intotwobytheordinanrrefiuctingibitei; 

ously  exhibited  drcular  polarisation.  but  if  it  is  influenced  by  another  do^ 

Concdving  that  this  property  mig^  refracting  force  bdonging   to  drmkr 

be  related  to  some  crystalline  structure  polarisation,  it  will  be  first  divided  into 

in  quartz,  Mr.  Herscnel  examined  dif-  two  pencils  by  the  left-handed  prisa 

ferent  crystals  of  the  quartz  Plagiedre  A£  B :  but  when  these  two  pencils  enter 

of  Hauy,  which  possesses  unsymmetrical  the  ri^ht-handed  prism  A  B  C  at  Q,  tlieir 

faces,  X,  X,  x,  j/,  a/,  x',  (see  y^.  10.  angu£ur  separation  will  be  doubled,  owing 

p.  6,)  which  always  lean  in  one  luuform  to  the  prism  ABC  having  an  ooMsibt 

direction  round  the  summit  A,  but  some-  circularly  polarising  structure.    When 

times  to  the  right  and  sometimes  to  the  the  two  ravs  come  to  P,  and  enter  the 

left.    After  an  examination  of  fifty-three  prism  B  C;  D,  their  angular  separaticn 

different  crystals,  he  found  that  the  direct  will  be  again  doubled,  so  that  the  ray  wi 

tion  in  which  thejr  turned  the  planes  of  finally  emei^ge  in  two  pencils.    By  this 

polarisation  was  invariably  the  same  as  ingenious  contrivance,  M.  Fresnel  snc- 

the   direction   in  which  the  plagiedral  ceeded  in  senarating    the  two  pencOs 

faces  X,  X,  leant  round  the  erystel ;  so  produced  by  tne  force  of  circular  polaii- 

that  even,  if  these  faces  were  microscopic,  sation. 

the  sight  of  one  of  them  would  enable  When  either  of  these  pencils  is  ex- 

us  to  predict  the  direction  of  rotation  in  amined  by  a  doubly  refracting  prism, 

a  plate  cut  from  it  Hence  Mr.  Herschd  it  is  doubled  like  common  light,  and  none 

concluded  that  whatever  be  the  cause  of  the  two  pencils  ever  vanish  during  the 

which  determines  the  direction  of  rota-  revolution  of  the  doubly  refractinc  prum; 

tion,  the  same  has  acted  in  determining  but  that  th^  differ  from  commoniightM. 

the   direction  of  the   plaj^edral   faces.  Fresnel  proved  by  the  following  experi- 

Apatite  and  some  other  clystallised  mi-  ment:   (fig.  50.)  If  the  two  pencils  RP 

nerals  exhibit  also  plagiednQ  and  unsym-  produced  along  the  axis  of  quartz  aze 

metrical  faces ;  but  as  they  do  not  pos-  made  to  foil  perpendicularly  on  the  &oe 

sess  circular  polarisation,  we  must  infer  A  B  of  a  paralldopiped  of  crown  glass, 

that  the  latter  is  not  a  necessary  conse-  A  B  C  D,  whose  refractive  index  is  lil, 

ouence  of  the  structure  which  eiiiibits  and  whose  angles  ABC,  ADC,  are 

the  former.  each  54*°,  they  will  suffer  total  refle^ 

In  order  to  determine  if  the  colours  of  tion  at  Q  and  S,  and  will  emerge  in  the 

circular  polarisation  were  ptoduced  by  direction  ST.    The  two  emergent  pendb 

the  interference  of  the  rays  iotmsi^  \>i  vt^x^smX^Vs^jx^  oc^TNi^Uui!^  \KU(ifiM( 
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the  one  in  an  aiiiniith  49°  to  the  iwht  c^  ^a 

of  the  plane  of  reflexion,  and  the  ouer  ^•' 

^S"  to  the  lefl.  .  i> 

e  of  the  tvo  drcularly  polarising  |l 

transmitted  through  a  uiin  ctvi-  A    _  _J' 


rays  is  transmitted  through  a  uiin  cryi- 
taUiKd  film,  and  parallel  to  its  Bxia,  it 


r 


will  be  divided  by  the  double  refraction 
of  the  film  into  two  pencils,  exhibiting 
the  compleineatary  colouni;  and  theae 
COlouTa  differ  by  an  exact  quarter  of 
s  tint,  or  order,  from  those  that  would 
have  been  produced  in  the  same  film 
frith  common  poiarised  light. 

M.  Frvsnel  nad  the  good  fortune  to 
dijcorer  another  method  of  producir^  a 
pencil  possessing  all  the  properties  of  one 
of  those  formed  along  the  axis  of  quartz. 
He  allowed  a  common  polarised  ray,  R  P.  clined  ii°  to  the  plane  of  primitire  polaii- 
(fig.  50)  to  suffer  two  total  reflenons  at  sation  i>f  the  rav  R  P,  it  will  emerge  at 
Q  and  S  in  a  glass  parallelopqied :  then  T,  possessing  all  the  properties  of  one  of 
if  the  plane  of  reflexion  P  Q  S  is  in-    the  reys  formed  along  the  axis  of  quarti. 

areolar  Polarixation  o/Fluidt. 

Tax  {p-operty  of  rarcular  polarisatioa  light  in  the  apparatus,  (Jig.  39,)  the  ob- 
it not  confined  to  quartt.  M.  Biot  and  server  will  pmseive  the  complementarv 
Dr.  Beebeck  discovered  it  nearly  about  colours  similar  to  those  in  rock  crystal 
the  awne  time  in  certain  fluids  which  Some  fluids  turn  the  plane  of  polarisation 
possessed  it  in  afeelile  degree.  If  we  fill  from  right  to  left,  and  others  from  left 
a  tube,  six  or  seven  inches  long,  vrith  oil  to  rieht.  The  following  Table  shows  the 
of  turpentine,  and  expose  it  to  polarised  reaults  of  M.  Biot's  experiments. 


sifuiti^fi.        i^itiJ^; 

RoUtioQhf 

LtftURi^.                      AniofBolKioi. 

rt-.fihicliimi 

Kockcrralil                         4- 

18"41'1 

Bockcrvsul                .        _    18°4M 
RncDtiil  oil  of  lemons         —      0.436 

0.2?1 

Ditto  inolher  kind;              + 

0.2SI 

DiUo   puri6cd   by  reptated 

di-aution      ;      .      + 

0.286 

Sdulion  of    1753    pirti   of 

of  ikohol                         + 

0.018 

EwiilUlDilorUiinl 

Vrnpouraf  turpenline 

M.  Biot  found  that  when  oil  of  turpen-  sugar  vras  equal  to  one  millimetre  of 

tine  was  mixed   with  sulphuric  ether,  qiurti. 

which  has  not  the  rotatory  property,  it  The  very  remarkable  phenomena  above 

gave,  when  mixed,  the  vei^  same  tints  described  might,  at  first  sight,  be  attri- 

which  it  would  have  produced  alone  in  buted  to  certain  polaritips  in  the  particles 

the  same  tube ;  and  Uiat  when  a  right-  of  fluids,  in  virtue  of  which  they  assume 

handed  was  mixed   with  a  leftrhanded  some  regular  arrangement  analogous  to 

fluid,  in  quantities  reciprocally  propor-  that  of  crystalline  structure  ;    but  Dr. 

tional  to  the  inten^ty  of  tneir  action,  they  Brewster  has  remarked  that  this  cannot 

neutralised  each  other.     He   likewise  be  the  cose,  for  the  same  phenomena  are 

found  that  m1  of  turpentine  required  to  seen  in  whatever  direction  the  polarised 

ha,-re  a  thickness  of  GS^  millimetres  to  ray  is  transmitted  through  the  fluid,  so 

give  the  same  polarised  tint  as  a  single  that  the  structure  of  the  particles  of  a 

millimetre  of  quartz ;  that  a  thickness  of  circularly  polarising  fluid  must  be  exactly 

33  millimetres  of  oil  of  lemons  was  equal  the  same  along  every  one  of  its  diame- 

to  a  thickness  of  66  millimetres  of  du  of  ters,  that  b,  the  structure  must  be  sym- 

hffpentine,  and  that  a  thickness  of  4^  metrical  round  the  centre  of  the  particle, 

miwiaetrcs    of  concottnted  eyrap  erf  tn- a  ttructore  analogous  to  th^  which 
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takes  place  in  ^mmon  polarisation, 
when  a  sphere  of  glass  has  its  density  re- 
^arly  increasing  or  regularly  diminish- 
ing towards  its  centre. 

Chaptbr  XIII. 

Absorption  qf  Light  in  Doubly  Refract- 
ing Crystals — List  of  absorbing 
Crystals  with  one  Axis — List  of  aS- 
sorbing  Cry stalsudtk  two  Axes — Pro- 
perties of  Dickroite — Ii0uence  of 
Heat  in  modifying  the  Absorption  of 
Light  by  Crystals. 

Every  substance,  however  transparent, 
possesses  the  propert]^  of  absorhing  a 
portion  of  the  light  which  falls  upon  it* ; 
and  the  qiuintity  of  li^ht  absonied  by 
homogeneous  flmds  ana  solids  that  have 
single  vefraction  is  the  same,  whatever 
be  the  direction  in  which  the  ray  is 
transmitted.  In  doubly  refracting  crys- 
tals, however,  the  absorption  is  of  a  dif- 
ferent kind.  They  not  onlv  possess  the 
power  of  absorbing  light  like  other 
txxlies,  but  thev  possess  another  absorp- 
tive force  which  is  related  to  the  axis  of 
the  crystal,  and  intimately  connected 
with  its  doubly  refracting  and  polarising 
forces.  In  order  to  analyse  this  pheno- 
menon, Dr.  Brewster,  who  dbcovered  this 
property  in  crystals,  took  a  rhomb  of 
yellow  carbonate  of  lime,  of  such  a 


thiolmegt  as  to  give  two  distinct  and 
separate  images  of  a  imaE  circular  aper- 
ture placed  before  it  and  illuminated  witti 
white  light    In  this  case,  he  found  that 
tb»  two  images  differed  both  in  colour 
and  intensity,  the  extraordinary  imaee 
having  an  orange  yellow  hue,  ¥mile  the 
colour  of  the  ordinary  image  was  a  yd- 
lowish  white.    Along  the  axis,  the  two 
images  had  the  same  colour  and  inten- 
iity ;  at  difPerent  inclinatioiis  to  the  ans, 
the  difference  in  the  colour  and  intensity 
of  the  two  pencils  increased,  and  was  a 
maximnm   at    90^.      When   the  two 
images  were  made  to  overlap  at  dif- 
ferent inclinations  with  the  axis,  their 
combined  colour  was  always  the  same, 
aiid  was  of  course  the  same  with  ths 
natural  colour  of  the  mineral,  whidi  ap- 
peared to  be  the  same  in  all  dbes- 
tiona.    When  the  rhomb  is  ejmosed  to 
polarised  Ikht,  the  following  emeeti  are 
produced,  m  the  position  where  the  ordi- 
nary image  O  vanishes,  the  extraonii- 
najy  image  £  is  orange  yeUow^  exartiy 
the  same  as  it  appeared  by  eomaioa 
light:    and   in  the   position  wfaeie  I 
vanishes,  O  is  a  yelhwuh  white  as  befoRi 
The   property    now    described  was 
found  by  Dr.  Brewster  in  the  foUowiK 
crystals  with  one  axis,  in  most  of  i^icS 
the  two  images  O  and  E  exhibited  two 
different  colours. 


List  of  Crystals  with  one  Axis  that  absorb  different  Colours, 


Colour  wfaeo  iti  principal  section  t«  in 

the  plane  of  primitire  Polarisation. 

•  Brownish  white 


Names  of  Crystals. 

Zircon 

Sapphire   •         •         •         •       Yellowish  green 

Ruby  .....   Pale  yellow 


Emerald 

Emerald  .  • 

Beryl  Blue  • 

Beryl  green   . 

Beryl  yellow  green       « 

Rock  crystal  almost  transparent 

Rock  crystal  yellow 

Amethyst  . 

Amethyst 

Amethyst  . 

Tourmaline    •         • 

Rubellite    .         •        f? 

Idocrase 

Mellite       . 

Apatite,  lilac 

Apatite,  olive 

Phosphate  of  lead 

Calcareous  spar 

Octohedrite    . 


Yellowisn  green 
Bluish  green 
Bluish  white 
Whitish       . 
Pale  yellow       . 
Whitish        . 
Yellowish  white 
Blue 

Greyish  white   . 
Reddish  yellow 
Greenish  white 
Reddish  white 
Yellow    . 
Yellow 
Bluish 

Bluish  green 
Bright  green     • 
Orange  yellow 
Whitish  brown 


Colour  when  its  pricirlpal  lectk* 
is  perpendioal&r  to  tiiat  piu^ 
.   A  deeper  brown 
Blue 

•  Bright  piDk 
Bluish  green 

.  Yellowish  green 

Blue 
.  Bluish  green 

Pale  green 
.  Faint  brown 

Yellow 

•  Pink 
Ruby  red 

.  Ruby  red 

Bluish  green 
.   Faint  red 

Green 
.  Bluish  white 

•  Reddish 
.  Yellowish  green 

Orange  vellow 
.  Yellowish  white 

•  Yellowish  browi 


The  absorptive  property  is  not  pos-  contained  in  the  preceding  UstMtiB 

sessed  by  every  specimen  of  the  minerals  when  they  have  the  same  colour/mittMt 

>  «hoye  described,  the  ordinary/jft/A^i 

•  See  Optics,  oYkap.xVx.  v.  ^  Vxwst^OSarj  V^^^^'^'^S^^^J^j^fpi*! 
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e  nr^  nine  tint,  and    replace  them  with  toes  m  n>  fn'  n',  ftnd 
thejrnhibit  no  [^eculianttei  in  their  ab-    ofi,  rip,  inolined  ai**  41'  to  a  d^  or  to 


pouiised  light  ofreij  pusei  tfarpugb  thfln         ...     _. 

Some  of  the  preceding  crystals  exhi-  of  double  refraction,  we  ghaS  otverre, 
tut  different  colours,  even  wtten  ccmtfnon  by  truumittine  polarised  li^t  through 
/^AJis  tr&nsniittediDdireotionapuKliel  the  rayilal  in  Qm  directions  a  e,  6 1(  and 
wd  perpendicular  to  ttiur  axes.  A  spe~  sutwequentlr  analjning  it,  a  system  of 
cimen  of  sapphire  had  a  deep  blue  co-  rings  round  each  of  these  axes.  The 
lour  in  one  direction  and  a  t/ellotcuA  ay ^sm  will  exhibit  the  individual  rings 
green  in  the  transverse  direction.  Tour-  very  plainly  if  the  crystal  is  thin ;  but  if 
maline  is  often  green  along  the  ajas,  and  it  is  ttiictc,  we  shall  observe,  when  the 
of  a  deep  red  in  a  tiansverse  direction ;  ]dane  ab  cd  is  perpendiodlar  to  the 
and  Mr.  Henchel  has  mentioned  a  vo-  plane  of  primitive  polarisation,  *nm« 
riety  of  sub-oxysulpbate  of  iron,  which  oranchet  itf  blue  ana  while  light.  di~ 
ia  of  a  light  eieen  colour  across  the  verging  in  theJbrmtffacroigfTom  the 
axis,  while  in  the  ireclion  of  the  ads  emtre  q/"  the  tyttem  of  rings,  or  the 
its  colour  is  a  deep  blood  red,  so  intense  poles  of  no  polariaalion,  as  shown  at 
that  a  thickness  of  l-20th  of  an  inch  d  and  p.  Jig.  i\,  where  the  shaded 
icarcely  allows  any  light  to  pass.  The  orancfaM  represent  the  blue  onea  The 
potash  muriate  of  palladium  was  ob-  summits  of  the  blue  masses  at  p  and  p' 
served  by  Dr.  Wollastonlobe  of  adftp  are  timed  with  purple,  and  are  sepa- 
red  along  the  axis,  and  a  vivid  green  m  rated  6y  whitish  light  in  some  apeci- 
k  transverse  direction  mens    and  yellowish  li^t  in   otners. 

The  phenomena  of  absorption  in  crys-  The  white  light  becomes  more  blue  from 
tals  with  two  axes  are  extremely  inte-  p  taip  to  o,  where  it  is  quite  blue,  and 
lesting.  The  two  colours  which  tqtpear  more  yellow  from  p  and  yt  to  c  and  d, 
in  the  ordinary  and  eitraordinaiy  pen-  where  it  is  completely  yellow.  When 
dls  are  seen  diverging  from  the  resultant  tfae  planeaficij  is  in  the  plane  of  pri- 
kzes  when  eipo^  to  common  light,  mitive  polarisation,  the  poles  p  p  are 
u  shown  inytig. SI,  which  reiaresenta  the  mvked  by  spot*  of  white  li^t,  but 
phenomena  in  lolite  or  Diekroitt.  ereiywhere  else  the  light  is  a  deep  Uue. 

in  the  plane  eadb.fig,  53,  tW  pu- 


Kg.iU 


This  mineral  crystallises  in  six  or 
twelve-sided  prisms,  which  appear  of  a 
deep  blue  colour  when  seen  along  the 
axis,  and  of  a  tfcUowish  brown  when 
seen  in  a  direction  perpendicular  to  the 
axis  of  the  prism. 

If  abed.  Fig.  52,  b  a  section  of  a 

Siiim  of  blite  by  a  plane  passing  through 
e  axis  of  the  pnsm,  the  transmitted 
light  will  be  blue  throu^  the  faces  a  b, 
aaAdc,  and  yellowidi  brown  throu^ 
ad,  6  c,  and'D  every  direction  perpenm- 
cular  to  the  axis  of  the  prism,  if  we 
jrbif  down  Ifie  ai^iea,  (^  e,  ft,  d  BO  as  to 


Pig.i%. 


neral,  irtten  we  look  throu^  it  at  com 
mon  light,  exhibits  no  other  colour  but 

C"  iw,  mixed  with  a  small  q^uantity  of 
,  polarised  in  an  opposite  plane. 
The  onlinary  image  at  e  and  d  is  yellow- 
ish brown,  and  the  extraordinary  image 
faint  blue ;  the  former  acquiring  some 
blue  rays,  and  the  latter  some  yellow 
ones  from  c  and  tf  to  a  and  b,  where  the 
difference  of  colour  is  still  highly  marked. 
From  a  and  b  towards  p  and  p  the  yel- 
low image  becomes  &inter,  till  it  changes 
into  tdue,  and  the  weak  blue  image  is 
reinforced  liy  other  blue  rays  till  the  in- 
lennty  of  the  two  blue  images  is  nearly 
equal.  Ilie  faint  blue  image  increases 
in  intensiltj  fta  lift  maAsst*.  tw  «j- 
lirgu'bm  tram  c  «iA  d.  Sn  ¥  VB^  V  >  ^'^ 
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Vhe  yellow  one,  lequizing  an  aooession  wards  o,  where  'they  an  both  almost 

of  blue  %ht,   becomes  bluish  white,  equally  blue. 

Yrom  p  and  f/ioo,  the  ordinary  image  The  following  Table  contains  the  erys- 

is  whitish,  and  the  other  deep  blue ;  but  tals  with  two  axes,  in  wMch  Dr.  Brew- 

the  whiteness  gradually  diminishes  to-  ster  discovered  the  absorptive  property. 


Names  of  Ciyttalt. 


Topaz  blae 

green 

•  grevish  blue 

pink 

-^i*  pink  yellow 

yellow 


List  of  absorbing  CryitaU  with  Two  Axes, 

Plane  of  the  Rtsnltaat  axei  in 

the  plane  of  Primitire 

Pdarisation. 

White 
White 

Reddish  grey 
Pink     . 
•         Pink  .         •         • 

Yellowish  white        • 


Plane  of  Remltant  axM  perpendi- 

enlar  to  the  plane  of  Primitive 

Pouuiifatioa. 


Sulphate  of  barytes. 
— ^—  yellowish  purple 

yellow 

■  orange  yellow 

Kvanite     . 

Dichroite 

Cymophane 

Epidote,  olive  green     . 

— —  whitish  green 

Mica 


Blue 

Qreen 

Blue 

White 

YeUow 

Orange 


LemoD  yellow 
LemoD  yellow 
Gamboge  yellow 
White 
Blue 

Yellowish  whits 
Brown 
Pink  white 
Reddish  brown 


Purple 

Yellowish  white 
Yellowish  white 
Blue 

Yellowish  white 
Yellowish 
Sap  green 
Yellowish  white 


The  same  author  has  given  {PhiL 
Trcau,  1 8 1 9,  p.  1 9)  a  list  of  various  other  ^ 
crystals  which  possess  the  property,  but 
our  limits  will  not  permit  us  to  pursue 
the  subject  any  farther. 

The  influence  of  heat  in  modif3ring  the 
absorptive' action  of  crystals  he  found  to 
be  very  remarkable.  Having  selected  se- 
veral crystals  of  Brazilian  topaz  which 
displayed  .no  chansje  of  colour  by  expo- 
sure to  polarised  light,  he  brought  them  to 
a  red  heat,  and  thus  communicated  to 
them  the  power  of  absorbing  polarised 
light  He  then  took  a  topaz  in  which  one 
of  its  pencils  was  yellow  and  the  other 
pink,  A  red  heat  acted  more  powerfully 
upon  the  extraordinary  pencil  than  upon 
the  ordinary  one.,  discharging  the  yellow 
colour  entirely  fVom  the  one,  and  pro- 
ducing only  a  slight  change  on  the  pink 
tint  cf  the  other.  When  the  topaz  was 
hot,  it  was  perfectly  colourless,  and  ao- 
cjuired  the  pink  tint  gradually  while  cool- 
ing. By  exposing  it  repeatedly  to  the 
action  of  a  very  intense  heat,  he  was  un- 
able either  to  modify  or  remove  this 
permanent  tint 

From  several  experiments  which  have 
not  yet  been  published,  Dr.  Brewster  has 
discovered  that  the  colouring  mattei 
itself,  both  in  crystals  with  one  and  two 
axes,  possesses  the  property  of  double 
refraction  —  that  this  matter  exhibits 
hemitropism  in  crystals  that  are  not 
themselves  compound—and  that  the  co- 
louiing  matter  has  in  some  rare  cases 


two  axes  of  double  refraction,  while  the 
crystal  itself  has  only  one.  The  prose- 
cution of  this  curious  subject  is  likely  to 
throw  much  light  on  the  constitution  oif 
bodies. 

For  an  account  of  various  interestii^ 
phenomena  relative  to  the  distribution 
of  the  colouring  matter  in  topaz,  the 
leader  is  referred  to  the  Transactions  of 
the  Cambridge  Philosophical  Society, 
voL  ii. — See  also  Chap.  XVI. 

Chapter  XIV. 

Double  Refraction  communicated  to 
Glass  by  Heat — to  Cylinders — Rec- 
tangular Plates-^Chromatic  Thermo- 
meter — Effects  of  Crossed  Plates- 
Spheres  of  Glass  —  Tubes  —  Unan- 
nealed  Plates  of  Glass — Effects  of 
altering  their  Fbrm — Chromatic  Ver- 
nier— Double  Refraction  produced 
by  Induration — Lenses  of  Fishes, 

Thb  various  phenomena  described  in  the 
preceding  chapters  were  ascribed  to 
some  unknown  structure  in  the  bodies 
*which  produced  them ;  and  it  was  never 
even  imagined  that  the  power  of  pro- 
ducing double  refraction  could  be  com- 
municated  artificially  to  glass  and  other 
Dodies.  On  the  8th  April  1814,  Dr. 
Brewster  communicated  to  Sir  Joseph 
Banks  the  remarkable  fact  that  double 
refraction  could  be  imparted  to  glass 
by  the  transient  passage  of  heat  throiu^h 
its  substance,  and  the  letter  contain- 
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ing  this  fact  was  read  at   the  Royal        If  the  same  cylinder  of  ^lass,  when 

Society  on  the  19th  of  May  of  the  same  cold,  is  immersed    in  boiUng    oil,  or 

year.     This  letter  was  followed  by  a  equally  and  strongly  heated  in  any  other 

series  of  papers  containing  an  elaborate  way,  and  is  made  to  cool  rapidly  by  ap- 

incjuiry  into  the    laws  which  regulate  plying  a  cold  and  good  conductor  to  its 

this  new  class  of  optical   phenomena,  circumference,  it  will  exhibit  a  similar 

A  brief  and  general  view  of  these  facts  system  of  rings  which  will  also  disappear 

will  constitute  the  subject  of  this  chap-  when  the  glass  returns  to  an  umform 

ter  temperature.      This    system  of  rings, 

1.  On  Cylinders  of  Glass  with  one  however,  is  positive,  like  those  produ^ 

axis  of  double  refraction. — If  we  take  by  zircon  and  ice. 
a  cylinder  of  glass  about  half  an  inch        By  comparing  the  value  of  the  tints 

thick  and  an  inch  in  diameter,  and  trans-  with  their  distances  from  the  axis  of  the 

mit  heat  from  its  circumference  to  its  cylinder,  Dr.  Brewster  fomid  that  if  T 

centre,  it  will  exhibit  when  exposed  to  is  the  tint  corresponding  to  any  distance 

polarised  light  in  the  apparatus,  jfig,  39,  a  D,  /  the  tint  corresponSng  to  any  other 

system  of  rings  traversed  by  a  black  rect-  distance,  d,  it  will  be  thus  expressed 

angular  cross  exactly  like  those  shown  in  .    Tcfi  .,...,        ,         ^  ..     ..  , 

y^.  25  ;  and  by  turning  round  the  analys-  ^ = -gj '  ™*  *^»  ^^  ^^  ^J  ^  ^^^^^ 

ing  plate,  C,  90°,  we  shall  see  the  comple-  ^,ary  as  the  squares  of  their  distances 

mentary  set  shewn  in  fg.26.    As  the  from  the  axis  of  the  cylinder. 
cylmder  naust  be  held  at  a  distance  of  at        jf  the  polamed  light  is  transmitted 

least  SIX  mches  from  the  eye,  the  rings  through  the  circumference  of  the  cylinder 

and  cross  will  appear  as  it  were  m  the  ^hen  the  system  of  rin^s  is  complete, 

interior  of  the  glass.    If  we  cross  the  a  system  of  fringes  wiU  l)e  seen  paraUel 

rings  with  a  plate  of  sulphate  of  hme,  we  to  the  base  of  the  cylinder,  and  similar 

shall  find  that  they  exhibit  the  same  phe-  to  those  which  are  next  to  be  described, 
nomena  as  the  rings  formed  by  calca-        2.  On  Rectangular  Plates  of  Glass 

reous  spar,  and  therefore  the  double  re-  ^if^  two  series  of  axes  of  double  re 

fraction  is  negative,  or  repulsive.  When  /-roc/iow.— Take  a  well  annealed  rect- 

the  heat  is  umformly  distributed  over  the  angular  plate  of  glass,  E  F  C  D,  fig.  5.J, 

glass,  the  system  of  rings  enhrely  disap-  ^iJch  exhibits  no  tints  whatever  when 

pears,  and  the  doubly  refracting  struc-  examined  in  the  apparatus,  fig.  39,  and 

ture  no  longer  exists.  place  its  edge  C  D  on  a  bar  of  h-on  AB 

Fig.  53. 


nearly  red  hot.  Let  the  glass  plate  resting  which  there  is  neither  double  refraction 

onthe  ironbeplacedatDE.myiig'.39,so  nor  polarisation.     Between    MN   and 

that  the  polarised  Ught,  A  C,  may  pass  O  P  the  double  refraction  and  polarisa- 

through  every  part  of  it.    The  moment  tion  is  negative,  like  that  of  calcareous 

that  the  heat  of  the  iron  enters  the  sur-  spar,  while,  on  the  other  side  of  MN  and 

feice  CD,    frinsres  of    brilliant  colours  OP,  the  double  refraction  is  positive. 

will  be  seen  parallel  to  C  D,  and  nearly  Similar   fringes  are   seen  through  the 

at  the  same  instant,  and  before  a  single  thickness  of  the  plates  and  also  in  the 

particle  of  heat  has  reached  the  upper  direction  of  their  lengths.    When  the 

edge  E  F,  or  even  a  b,  similar  fringes  plate  of  glass  is  of  a  square  form,  as  in 

will  appear  at  the  edge  E  F.    Light  at  fig.  54,  and  the  thickness  through  which 

first  white  and  then  yellow,  orange,  fee.  the  polarised  light  passes  about  one-third 

wiU  appear  at  a  6,  and  these  colours  will  the  length  of  one  of  the  sides,  the  tints 

be  separated  from  the  other  two  sets  of  have  the  form  shown  mfig.  54. 
fringes  by  two  dark  lines  M  N,  O  P,  in        When  the  thickness  is  mcreaaftdv^^:^ 
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Kg.  54.  In  order  to  find  fhetint  Bt  asf  point 

in  tenaa  of  Uw  iborteit  stance  of  thit 

point  from  the  lines  of  no  dcraUe  refiao- 

tion  HN,  OP,  let  >,  y  be  tbe  dMuioM  of 

the  mint  ftom  MN,  OP:  then  ainee  (fit 

the  oitutoe  of  that  point  fimn  the  cenlnl 

litie  aS,  we  have  t=i-d.*'=t-^ntd 

ty = 1 -(P:  that  ta,  (b  tt«i  t  of  (MypoM 

tobeabontthreetimesthatofafr.^.SS,    varia  at  the yroduet  of  tht  dutanett 

the  tint*  ham  the  fern  dwmihi^f.  99.    ofHatpnKtnvmOuUtUn^nodoMt 

_    .,  nfnd&R.     CalEne  V  the   vdocitr  d 

^   **"•     _  the  eilnum&iary  i*y,  and  Y  that  of  the 

oeAnar;  njr,  we  ahaQ  hare  V  =  ^V -t- <d)' 

a  formula  wliieh  mireatm*  the  cztis- 

ordinBrf  nftaetioo  in  laetanpiltr  p<-*— 


required,  T  the  maTimnm  tint  b  the  ao  tbaf  the  'liiiei  u  if,  o  p.  Jig.  53,  ue 
centre  a  &  of  the  plate,  and  D  tfae  dia-  p«nIM,the  eomtnnation  wiU  be  umiIim 
' '   ^"^      Tf  Oie  hi -•- ■■       ""     " "--  ■      ■        ■ 


OPthm  ai;  then(=T— =^.      Tta 


nf^aM.    la  eireiilar  yUtea  tbceqn*- 
»mwi!lbe«*VV*-faK 
K  aw  ^  of  glMS,  UgUf  ul 


)  iMe  of  g]      .     „  , 
umfgnnlr  heated,  tephndi^ananid 

In  an  the*  «.e.b«u.dfel  e«^e»-.    fc,^£Sl^J!LL12S^  J"" 


twT  lystema  of  friwei  aiv  prodiwed  by  5Sr?ii*^''""'1l"     -^ .  .u. 

90";   bat   we  cannot  Itad   room   fbr  "«««  mngw  w^gaWtwi  and  a  tm 

fleureaofthe>eid)enomena,orthebeantr  e»aev=^y*-aVI. 
of  which  it  is  impoesit^  to  tbnn  any       Aneteeoiu   efiteti   an   pondneed  in 

idea  without  coloured  dnwiui.    When  plates  of  rock  taK,  tluor  apBr,  obnAn, 

the  heat  is  nnifbnnlr  '*^-*-"-'*-^  ~~  samtntiai  nuin  .vmai  •«!«•  >» 

these  pUtet  of  glaii,  t 

appear.  to  deretope  a  bint  system  of  frin^  in 

The  tints  in  bH  these  pheoomma  an  a  |date  of  glass,  the  number  of  frmen 

similar  to  those  polarised  by  ciTstalBsed  and  tints  mav  be  increased  indefinitrifrif 

bodies,  and  are  regulated  by  the  very  increasing  the  number  of  plates,  and 

same  laws,  (nufa/i>  mufanifit.  hence  the  foundation  of  Dr.  Brewstei'i 

By  comparing  the  values  of  the  tints  Chromatie  differential  Thermomeltr,  bj 

with  their   distances  from   the  central  which  differences  of  heat  ma;  be  mei'    ' 

Une  ab,  at  the  plate  in   Jig.  93,  Dr.  anndby  the  numerieal  value  of  the  (inti    I 

Brewster  found  that  they  wen  repn-  prodnecd  by  a  bwde  of  glass  plates. 
sented  by  the  following  fbnnula,  founded        3.  On  the  ^edt   of   combimng  oH    i 

on  tlie  supposition  of  two  series  of  reet-  enuitig  Bteimgular  Plate*  of  Ght*.—    ' 

ani^ar  axes.      Let  if  be  the  distaoM  When    two  pMittve  or   two  ne^tire 

tioiaab  of  the  point  at  which  the  tint  netan(ularplMef  o(g]ass  aracomtMned. 

.: :._^r,.., : .-..s.L  iothit  the  lines  iiw,op,    '      '" 

pnalHthe  eomlMMrtion  w 

tanc«  of  dther  of  the  black  lines  UN,  or  negative  according  to  the  character 


of  the  individual  plates,  and  the  tints  nil 
be  eouol  to  what  would  liave  been  pio- 
f^  duceo,  by  usin;  a  pdate  equal  to  the  sun 

term  -=j-  represents  the  tint  which  of  theh  thicknesses ;  when  a  rugatia 
-uCf  1  j^.L  ■■,  ■  ""id  potilive  plate  are  sitnilariy  com- 
would  be  produced  by  the  ptmcipal  asit  ^^^^  the  effect  will  be  equal  to  the  M 
perpendiciilar  to  the  rJate.  and  pawing  ference  of  their  action.  If  their  actiom 
^roi^h  lU  centre;  but  »  the  ens  in  aw  eqi^  the  effect  of  the  comtmi»li«o 
the  p&ne  of  (he  plate  would  produce  an  ^  ^  to  destroy  the  double  rofcactiM 
uriformtint.T.m  every  part  of  the  plate,    altogether 

JI,'^™??%''i'''^'^'°,'?"Il?^li''''  "two  negativeor  two  positive  «ct- 
the  real  tmt  t  will  be  equal  to  the  differ-  angou,  plates  are  crossed,  as  in  fy.  St 
race  of  tbe«^  ortoT-— -:  or.mokinK  ^  t^"''  '"  *«  square  of  inteisedion 
711  gjg  raised  where  the  negative   ocSKt 

&!£  'y:i«{aNe  Axvaijcoa^  and    detftsni  i 
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or  the  pMitivs  the  {mitiTe  structura. 
By  determining  the  tint  ftt  any  giren 
point  in  eiich  plate  by  the  preceding 
fcinnuls,  u)d  comtnning  these  tinti  ao- 
cording  to  the  rules  already  ffiven,  it 
will  be  round  that  the  linei  of  equal  tint, 
which  we  may  cail  the  itochromatic  lines 
in  the  iqnare  of  intersection  ABCD, 
«ra  hyperbnloM,  whicli  will  t)e  equilateral 
when  the  breadths  of  the  tno  {riatei  and 
their  aanmum  tint*  are  the  same*!  Tha 
beauty  of  this  coratiination  mirpanM 
all  descriptioii. 

When  a  potitiva  rectangular  plai« 
erotta*  a  negative  reclangidar  plate,  H 
will  be  found,  by  the  same  itiet))od,  that 
the  isochroTnatic  tines  in  the  reaUngla 
e»f  mteraection  are  perfect  Hrclei  when 
the  breadtti  of  the  plate  and  the  tints 
in  «ach  are  the  same :  this  etfect  is  shewn 
in^.  S7.  But  when  the  breadth  of  the 
jdafesis  ditferent,  ttie  isoohromAtt*  liuM 
will  be  elliptet. 

Fig.  B7. 


sphere  of  glass  ; 
trough  of  hot  oil  placedin  llie  jiolarising 
apparatus  J!g.  39|  we  shall  observe, 
when  the  heat  has  readied  its  centre, 
a  black  cross  with  four  sectors  of  [lolai-- 
ised  light  liiie  the  intier  cinile  of /,^.  25. 
The  maximum  tint  is  not  at  the  edge, 
but  nearly  half  way  between  the  centre 
and  the  circumference  of  the  sphere.  If 
in  this  state  the  si^wre  is  turned  round 
in  the  trough,  it  Will  exhibit  in  every  po- 
sition the  very  same  figure.  If  we  now 
sujroose  the  trough  to  be  flUed  with 
■uch  spheres,  thev  will  exhibit  the  same 
phenomena  in  wWerer  direction  the 
polarised  light  is  transmitted  through 
the  binges,  and  even  if  the  sphetva 
were  in  a  state  of  motion  in  the 
trough.  A  fluid  composed  of  such 
spherical  particles  wcnud  exhibit  the 
tame  polarising  structure  in  every  pos- 
sible direction,  and  eren  if  it  Were  ui  t 
state  of  rapid  gyration.  If  the  particlM 
possessed  the  structmv  that  produces 
clrcidar  polBiisation,  the  fluid  would  de- 
Telope  the  pitensmena  exAiMted  by  oil 
of  turpentine  and  the  other  fluids  Bbcatl]' 
mentioned  in  Cliapter  XU,  p.  5. 

If  a  snbercnd  is  Used  in  place  of  a 
sphere,  the  stniclure  will  be  symmetri- 
cal only  round  its  axis  of  revolution, 
vii^  the  shotler  axis,  if  it  is  oblate,  and 
the  longer  ails,  if  it  is  prolate.  If  the 
polarised  ray  A  C,flg.  39,  passes  along 
any  of  these  axes,  we  shall  obserre  a 
black  rectangular  cross,  and  four  lumi- 
Aoiis  sectors,  which  will  remain  unal 
tered  during  the  motion  of  the  spheroids 
roond  the  uis  of  revolution.  But  if 
this  uds  Is  inclined  to  A  C,  the  sym- 
Betry  of  the  kive  It  deranged,  and  ttie 
tdaek  otoh  wlfi  sometimes  open  at  the 
1  equatorial  diameter  of 


If  I 


4.  On  the  ditiribution  of  At  doubtif 
refracting  force  in  ipheret.  ipheroidi, 
mtd  tubei  ^  gla»*.—\%  we  ti^  a  cold 

•  aHnta,3Vn>wNuUknl.tiu.r.»7. 


iplete  when  the 
plane  of  the  equator  is  parallel  or  per* 
pendicolar  to  the  plane  of  primitive  po- 
uo^tion,  hut  it  will  open  at  the  centre, 
in  other  positions,  hke  the  system  of 
lings  in  crystals  with  two  axes. 

If  heat  is  ^iplied  to  the  circumference, 
A  C  BD,  fig.  SB,  of  a  glass  tube,  whose 
diameter  is  AB,  and  the  diameter  of 
whose  bore  is  a6,  the  black  cross  AB, 
CD,  will  be  seen,  and  there  win  te 
obserred  a  dark  circle,  mnop,  of  no 
double  re&aotian,  having  in  tlie  outside 
the  positive  doubly  refractinjj  structure, 
and  in  the  in^de  the  negative  doubly 
refracting  structure.     Tiie  breajilK  sA 
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Ftg.  59. 


pidlf  at  lis  drcumferenoe  or  its  edges. 

When  the  cylinders  or  pUles  have  been 


...jsrapidly'cooled.they  wiUproduc 
very  same  phenomena  which  are  exhi- 
bited by  plfttes  that  have  only  transiently 
the  douMy  refracting  structure  during 
thepropagationofheat  through  the  mass. 
The  maximum  tint  develt^ied  at  the 
edge  of  a  j^te  of  crown  glass  0.44  of  an 
inch  thick,  was  the  red  of  the  fifth  order 
of  colours. 
"  6.     On  the  effeett produced  by  mb- 

dl  the  positive  one.  As  the  bore  of  the  dividing  or  altering  the  form  of  Plalet 
tube  becomes  smaller  the  circle  of  no  and  Cylindert  of  doubly  Tffracting 
double  refrvction  approaches  to  the  axis  Gtof.^In  doubly  refracting  crystals,  the 
of  the  tube.  phenomena  which  they  proauce  are  quite 

i.  On  the  communication  of  a  per-  independent  of  the  form  of  the  crystal  or 
manent  doubli/  refracting  tlrueture  to  portionofa  crystal  employed.  The  case, 
Glati. — In  March  1B14,  Dr.  Brewster  however,  is  quite  different  with  plates 
found  that  glass  melted  and  suddenly  and  cylinders  of  glass,  as  the  efiect  de- 
cooled,  such  as  Prince  Rupert's  drops,  pends,  in  a  great  measure,  on  their  ei- 
possessed  a  permanent  doubly  refractii^  temal  shape.  If  we  divide  the  plate 
structure.  In  Deceml>er  I814,Dr.  See-  EFCD  into  two,  by  a  (Uamond  cut,  in 
beck  published  experiments  of  a  similar  the  direction  a  b,  and  separate  the  two 
kind,  with  cubes  of  glass,  and  Dr.  Brew  pieces,  they  will,  when  exposed  to  the 
ster,  who  had  extended  his  experiments  polarised  ught,  no  longer  exhibit  the 
to  plates  of  glass  of  all  forms,  analysed  fringes  wliicri  appear  in^.  53,  on  each 
the  various  phenomena  which  thw  pro-  side  otab,batecKhha!f  of  t/te  plate  iciU 
duced,  andpuhhshedanaccount  oftnem  have  the  tame  structure  at  the  uAoie 
in  the  Philosophical  Transactions  fyi  p^eAncfor^'no^fy,  with  this  difierence 
1816.  only,  that  the  tints  are  all  much  lower  in 

In  Older  to  form  cylinders,  or  plates,  the  scale.  This  remarkable  efiect  is 
orspheres,  with  apermanent  doubly  re-  shewn  in  Jig.  59,  in  which  ab  eortv- 
fracting  structure,  we  have  only  to  bring  spends  with  ab  in  fg.  53.  Each  half  of 
the  glius  to  a  red  heat,  and  cool  it  ra-    the  plate  has  now  two  lines  of  no  double 

JPig.S9. 


refraction,  with  one  negative  structure 
bet  ween  them, and  two  posilivestructures 
without  them.  If  the  plate  had  been  di- 
vided in  the  direction  G  H,  the  angular 
structure  at  E,  as  in  ^.  53,  would  have 
appeared  at  the  four  new  angles. 

In  like  manner,  it,  in  the  glasscylinder 
shewn  in /^.  5?,we  cut  a  notch  through 
it,  by  means  of  a  file,  two  lines  of  no 
doulile  refraction  will  appear,  a  negative 
structure  being  interposed  between  two 

The  optical  figures  produced  by  un- 
annealed  plates  and  cylinders  of  glass 
exhibit  very  curious  variations,  by  grind- 


ing them  into  new  forms.    A  cylinder, 
for  example,  which  ^ves  a  circular  sys- 
tem of  nngs,  with  a  black  cross,   as  in 
^^.  25,  will,  it  its  section  is  made  ellip- 
tical, give  the   black  cross  only  when  | 
the  greater  and  lesser  axis  of  the  ellipse  i 
are  in  the  plane  of  primitive  polarisation.  I 
When  Ihey  are  inclined  43°  to  it,  the  I 
black  cross   opens   in   the  centre,   ev  I 
hibiting  the  influence  of  a  new  axis  de-  [ 
yeJoped  by  the  elliptical  form  of  the  cj'-  I 

7.  DetcriptioH  of  a  Chromatic   Ver-  I 

nier  for  rubdividing  tints. — If  we  takes  ' 

plate  of  glass  of  considerable  thickness  I 


ii  I 


)M^\i 
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and  ^nd  it  into  the  fonn  of  a  wedge,  is  the  structure  which  produces  double  re- 

shewn  at  AB,  Jig.  60,  and  then  give  it  fraclion  could  Ije  communicated  (o  soft 

■:>.■_  Fo  substances  bvmdual  and  unequal  indu- 
ration ;  ana  ne  aftemards  published 
some  of  his  results  in  the  Phil.  Trim*. 
for  1816. 

When  isingtasa  is  dried  in  a  circular 

glass  trough,  and  is  j^ed  in  the  pola- 

risit^  apparatus  ^.  39.  it  exhibits  the 

black  cross   and  four  luminous  secton 

like   negative  crystals  nith  one  axis  of 

double  refraction.      When  a  thin  cylin- 

—           ■■          H  drical  plate  of  isinglass  is  indurated  at 

H           H  its  outer  ed^,  it  gives  the  black  cross 

H           B  and  four  luminous  sectors  like  positive 

o             *'             n  crystals  with  one  axis  of  double  reCrac- 

the  doubly  refracting  structure,  both  its  tion. 

positive  and  negative  tints  will  increase  A  thin  cylinder  of  isinglass,  with   a 

gradually  from  B  to  A,  so  that  if  the  hole  in  its  centre  hke  the  glass  tube 

maiimuiD  tint  near  A,  is  yellow  of  the  shown  in  yte.  57,  gives  exactly  the  ap- 

first  order,  it  will  shade  off  gradually,  pearance  there   represented,    but   both 

and  terminate  in  white  near  B.     In  a  the  structures  are,  in  this  case,  positive. 

ned^  of  this  kind,  two  inches  long,  and  When  jelly  is  evaporated  in  rectan- 

having  an  an^e  of  B",  the  highest  tint  gulartroughsofglass.as  ABCD,^.C1, 
is  between  the  blue  and  the  uviile  of  the 

first  order,  corresponding  to  2.20  in  Fig.G]. 
Newton's  scale  of  colours,  and  the  lowest 
tint  is  between  the  black  and  the  blue, 
corresponding  to  about  0,8.  We  have 
consequently  a  scale  nearly  two  inches 
long  to  measure  a  variation  in  the 
tints  amounting  to  2,2-0.8  =  1,4.  The 
method  of  using  this  wedge  is  shewn  In 
_^,  60.  If  it  is  required  to  ascertain 
Tery  exactly  the  tint  of  a  plate  of  crys- 

talhsed  glass  C  D,  it  must  ne  held  as  in  the  induration  commences  at  the  surfiace 

the  figure,  and  moved  gradually  fiijm  a  b,  and  fringes  ni  n  are  formed  parallel 

A  to  R    When  it  has  the  position  CD,  to  the  surface,  having  the  same  structure 

the  intersection  al  figure  m  is  opened  ho-  (viz.  positive)  as  the  external  fringes  in 

riionlally,  which  proves  that  the  tints  of  plates  of  unannealed  glass.     The  surface 

the  wedge  AB,  atthe  pointtn,  are  higher  ab  sinks   as   the   induration   advances, 

than  those  of  CD.     In  the  position  GH,  but  at  last  the  jelly  adheres  so  firmly  at 

the  figure  at  o  is   open  vertically,  and  aand6  to  thesidesofthe  trough, Uiatthe 

tlierefore  the  tints  of  the  wedge  at  o  are  surface  a  b  becomes  fixed.     Hence,  as 

lower  than  those  of  the  plate.     But  in  the  induration  proceeds,  the  softer  jelly 

the   intermediate   position  EF,  a  dark  about  rt  is  expanded  or   drawn,  as   it 

cross  is   produced,  which  indicates  the  were,  towards  a  b,  in  consequence  of  its 

perfect  equality  between  the  lints  of  the  moisture  escaping  slowly  through  ab, 

■wedge  at  n  and  those  of  the  plate  EP.  and   its  adherence  to  the  more   indu- 

By  a  scale  of  equal  parts,  one  of  which  rated  structure  above  it      The  conse- 

may  be  the  one  tentli  or  the  twentieth  quence  of  this  is,  tliat  an  opposite  or 

part    of  an    unit   in    Newton's    scale,  negative  structure  is   developea  at  r  «, 

ail  tints  may  tie  compared  with  each  and  this   structure  is  necessarily  sepn- 

other,  and  referred  to  their  exact  place  in  rated  from    the  negative  structure  at 

tlie  scale  of  ccjours.   This  wedge  is  par-  ffl  n  by  a  black  neutral  line   M  N,   in 

ticularly  suited  as  a  vernier  for  the  ciiro-  which  there  is  no  double  refraction, 

matic  thermometer  already  mentioned.  If  the  glass  trough  is  open  at  its  bot 

8.  On  the  production  nf  the  doubly  torn  B  C,  so  as  to  allow  the  induration 

refrachng  Hruclura  by  evaporation  and  to  take   place  there  also  as  in  fig.  62, 

gradual  indurtUion. — In  the  beginning  positive  fiinges  are  formed  at  op,  and 

of  1814,  Dr.  Brewster  discovered  that  DCf^ative  ones  at  r*,  and  these  are  k[m- 
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nted  bytiw  line  O  F  of  no  double  refrta- 
tion.  Thig  syitem  of  fringei  is  exact^ 
tl)e  sune  la  that  produced  "by  a  reof- 
allele  of  glass  heated  and  then  rapidly 
cooled,  and  when  it  vu  crosied  oj  a 
rectai^e  of  glass  having  the  system  of 
fringes  developed  by  the  passage  of  heat 
across  it,  tbe  intersectional  ncttui^ 
exhibited  the  eUiptie  ftinges  mentioned 
in  p.  SI.  A  plate  of  Jel^  one-third  of 
an  inch  thick,  and  one  inch  and  two- 
thirds  long,  produced  atr«B  green  of 
the  second  order  on  the  dtj  after  it  waa 
coagulated. 

When  isinglBas  is  jdaced  in  a  CTlin- 
der  A  B  of  ^tsa,flg.  63,  open  at  bath 
ends,  and  is  allowed  to  indunte,  it  «^ 


AH  the  lenses  of  Bmmah  vfai^  m 
Ibnned  of  ilbuminous  matter  ozbitat  4 
doubly  re&actiiw  stmoture  analogotu 
to  that  of  spheroids  of  glass  and  uiduiated 
jelly.  In  lome  of  them  then  is  only  a 
single  sinature,  bm  in  that  gf  man  and 
■e^ral  quadrupedst  but  in  the  lens  of 
the  hone  there  are  three  strvntnres,  like 
thoaa  in  pla^  of  fflBMt  In  fishes,  irtoch 
han  nnarioal  tr  rather  m^teniidsl 
lentNitne  phenonem  an  highly  beauti- 
ful and  inrtniotmk  If  wa  take  (he 
eiTstalliaa  lense  of  a  laiga  eod,  snd 
having  immersed  it  in  a  glaai  trough  d 
oil,  pUce  its  uds  ptnllel  to  A  C , /r.  3 ), 
we  shall  see  the  beautiful  figure  sbown 
io.^.  H,  whiiA  will  narer  tut  *^"I* 


parallel  or  perpendioukr  to  the  plane 
of  primitive  polarisation.  The  tints  of 
0  descend  in  the  scale,  wlule  those  of  p 
ascend,  wlien  tlie  axis,  «y,  of  a  plate  of 
sulphate  of  lime  crosses  them  as  in  the 

If  we  take  a  sphere  or  spheroid  of 
transparent  jellv  and  allow  it  to  indu- 
rate, it  wiU  exhibit  the  same  phenomena 
as  a  sphere  or  spherwd  of  i^iua  tbat  haa 
tcceived  the  doumy  leftubng  s^mtAnn. 


the  lens  is  tnnud  round  upon  iti  am 
The  figure  eon^its  of  twelve  luminout 
sectOTS  1,  3,  3,  4,  S,  Stc.,  sepanited  tnjui 
each  other  tiy  a  black  cross,  and  two  dark 
oonoentriocu'cles,  which  are  circles  of  no 
doublareftWion.  The  interior  tecton,!. 
S,  7,  S,  are  small,  and  exhibit  a  white  lint 
of  the  fint  order,  increasing  in  brilliann 
towards  the  oenlre  where  the  bisci 
flroas  is  very  sharp.  The  middle  secton, 
3,  4,  9,  10,  which  are  very  laige,  ait 
separated  &om  the  interior  by  a  bstwl 
dsxk  eirde,  and  display  a  white  tint  of 
tbe  first  order.  The  outer  aeetora,  5,  t, 
II,  13,  are  extremely  &int,  ajidanHn 
with  oonsiderable  difficulty  in  this  po- 
ution  of  the  lens.  If  the  axis  of  the  ku 
(orthe  axis  of  vision  of  the  eye)  isinolinMl 
to  the  polarised  ray  in  n  plane  paanv 
through  1  and  3.  the  sectors  1  andTwHl 
diminish,  and  7,  8  will  increaae  in  aie. 
and  an  additional  luminotu  space  inil 
appear  at  the  centre,  till,  by  increasinf 
the  inclination,  the  sectors  1 ,  'i  and  the 
luminous  epa^e  will  completely  diap- 

C,  leaving  the  sectors  7,  8  much  ni- 
^  id,  and  of  a  bluish  white  tint.  If  lia 
lens  is  indined  in  a  plane  p««iinj' 
through  7  8,  the  sectors  1,  a  will  io' 
mease,  and  7,  a  c ~ 
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When  the  polarised  light  is  trajismitted 
in  a  direction  perpendicular  to  the  axis,  or 
in  the  plane  of  the  equator,  the  black  cross 
will  be  complete,  and  the  figure  sym- 
metrical when  the  plane  of  the  equator 
if  parallel  or  perpendicular  to  the  plane 
of  primitive  polarisation ;  but  out  of  these 
planes  the  black  cross  changes  its  form, 
and  only  two  luminous  spaces  appears 
in  place  of  1  2,  7  8,  separe^d  by  a  single 
block  line  passing  through  the  cenf  e. 
The  middle  and  outer  sectors  of  the 
crystalline  had  the  same  structure  as 
that  of  a  sphere  of  glass  placed  in  hot  oil, 
and  the  middle  sectors  had  an  opposite 
structure*. 

Chapter  XV. 

Double  Refraction  communicated  to 
Plates  of  Glass  by  Mechanical  Force 
— Combination  of  such  PlcUes  with 
each  otJwr  and  with  Plates  of  Glass 
made  Doubly  Refrajcting  by  Heat^-^ 
Chromatic  Dynamometer  —  Manner 
in  which  Heat  and  Pressure  produce 
Double  Refraction, 

On  the  3d  of  January,  18U,  Dr.  Brew- 
ster discovered  that  the  property  of 
double  refraction  could  be  communi- 
cated by  simple  pressure  to  soft  animal 
fubstances,  suoh  as  isinglass  and  calvea* 


foot  jelly.  He  took  a  cylinder  of  calves' 
foot  jelly,  so  smaU  that  it  could  scarcely 
support  its  own  weight,  and  having:  no 
action  whatever  upon  polarised  light ; 
and  by  pressing  this  between  the  finger 
and  the  thunu),  or  even  touching  it 
gently,  it  received  the  structure  of  doubly 
refracting  bodies  as  exhibited  in  their 
action  on  polarised  li^ht  During  sub- 
sequent experiments  in  October,  1815, 
he  found  that  compression  produced  a 
negative  polarising  structure,  and  dilar 
tation  a  positive  structure,  and  by  di- 
lating isinglass  in  a  certain  state  of 
tougnness, lie  communicated  to  isinglass 
a  much  more  powerful  doubly  refracting 
itrueture  than  that  of  beryL  On  the 
1st  of  November  of  the  same  year,  he 
extended  these  experiments  to  plates  of 
solid  ^lass. 

This  remarkable  property  may  be 
easily  shown  by  ttUdng  a  strip  of  glass 
cut  merely  with  a  diamond,  and  bending 
it  slightly  by  holding  one  end  of  it  in 
each  hand.  When  the  strip  of  glass  is 
held  in  the  apparatus,  y^.  39,  so  that  its 
length  is  inclined  45°  to  the  plane  of 
primitive  polarisation,  it  will  exhibit 
two  se{)arate  doubly  refracting  structures 
shown  in  flg.  65,  separated  by  the  dark 
neutral  line  M  N,    Each  of  these  struo* 


Fig.  65, 


tures  is  covered  with  coloured  fringes 
parallel  to  M  N,  and  those  between  the 
concave  side  C  D  and  M  N  are  positive^ 
nrhile  those  between  the  convex  side, 
A  B  and  M  N,  are  negative.  The  tints 
vary  as  their  distance  from  M  N.  If  we 
slacken  the  bending  force,  the  fringes 
will  become  less  numerous,  descending  to 
the  white  of  the  first  order,  and  then 
disappearing  alto^ther  when  the  force 
is  reouced  to  nothing. 

When  two  slips  of  glass  of  the  same 
thickness  and  sue,  aiKl  similarly  bent, 
are  crossed,  as  shown  in  flg,  66,  the 
tints  in  the  intersectional  square  are 
rectilineal,  and  are  parallel  to  the  line 
of  no  double  refraction  m  n,  which  forms 
the  diagonal  of  the  square,  which  joins 
the  intersection  of  the  two  concave  sides 
with  that  of  the  two  convex  sides. 

When  one  of  these  bent  strips  of  glass 


crosses  a  rectangular  plate  of  glass  with 
the  two  structures,  tne  fringes  in  the 
intersectional  square  are  parabolas. 

Fig.  66, 


•  See  Phil.  Tra»».  1816,  p.3U,  where  Pr.  Brewster 
tnt  desohbtd  tbeet  ftppe  af»iiott» . 


Effects  of  a  similar  kind  were  pro- 
duced by  applyiujo:  mechanical  force  to 
various  other  bodies  destitute  of  double 
refraction ;  and  the  system  of  rings  in  se- 
parate crystals,  and  the  uniform  tints  pro- 
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duced  by  thin  plates  of  crystals  were  applied  at  A  and  B :  the  obvious  effect  of 
modified  by  compression  and  dilatation,  this  is  to  shorten  the  sides  C  D,  E  F;  or, 
accordinir  to  laws,  of  which  the  reader  what  is  the  same  thing,  to  produce  a 
will  find  a  full  account  in  the  Phil,  compression  along  these  lines.     There 
Trans,  for  1816,  and  the  Edin.  Trans,  will  consequently  be  neutral  lines  mit, 
voL  viii.    The  principles  tlius  developed  op  separating  the  dilated  from  the  com- 
have  been  applied  by  Dr.  Brewster  to  pressed  portions,  and  if  the  plate  is  ex- 
the  construction  of  a  chromatic  dyna-  posed  to  polarised  light,  we  shall  have 
mometer,  a  chromatic  hygrometer,  and  a  positive  structure  A  B  between  two 
a    chromatic    thermometer,     diflferent  negative   structures   CD,  E F.     If;  on 
from  the  one  formerly  mentioned.    In  the  other  hand,  we  compress  C  D  and 
these  cases,  either  direct  force,  or  force  E  F,  the  effect  of  this  will  be  to  cause  a 
arising  firom  expansion,  is  to  be  mea-  protrusion  at  A  and  B,  or  to  dilate  the 
sured ;  and  in  the  instruments  under  substance  in  the  direction  A  B.    If  we 
consideration  the  force  is  measured  and  ?pply  the  compressing  force  only  to  E  F 
indicated  by  the  tints  developed  in  a  plate  in  a  hard  elastic  substance  like  glass, 
of  glass  bent  by  the  force  tobe  measured,  this  will  necessarily  produce  a  protmsion 
The  perfect  elasticity  of  glass  gives  it  a  at  A  and  B,  or  a  dilatation  in  that  direc- 
▼ast  superiority  over  steel,  as  it  vnll  in-  tion,  and  this  dilatation  will  produce  a 
variably  return  to  its  original  state  after  compression  at  C  D, though  no  force  is 
being  bent ;  and  as  the  tints  of  polarised  apphed  there.    Hence  it  is  obvious  why 
light  have  a  precise  numerical  value,  and  t*"ts  appear  at  C  D  when  the  edge  E  F 
may  be  suboivided  and  read  off  by  the  ^^  &  pi^ce  of  glass  C  D  F  E  is  laid  upon 
chromatic  vernier  described  in  p.  53,  the  *  piece  of  hot  iron, 
results  of  such  instruments  will  merit  /^  the  experiment  shown  in  fig.  65, 
great  confidence.  with  the  bent  plate  of  glass,  the  particles 
It  is  not  difficult  to  form  an  idea  of  ^^  ^^  ^^^  ^^  compressed  on  the  con- 
the  manner  in  which  heat  and  pressure  ^^^^  side  C  D  and  in  the  direction  C  D, 
produce  that  mechanical  change  in  the  whereas,  on  the  convex  side,  AB,  they 
condit'on  of  the  glass  which  gives  rise  ^^  dilated  in  the  same  direction  as  that 
to  the  very  singular  phenomena  above  of  A  B :  hence  there  must  be  some  neu- 
described.      When   Dr.  Brewster  firet  ^^  ^"^  M  N  in  which  there  is  a  line  of 
saw  the  extraordinary  phenomena  of  a  paJ^cles  neither  compressed  nor  dilated, 
doubly  refracting    structure    produced  From  these  principles,  it  is  easy  to 
at  parts  of  the   glass  where  the  heat  understand  how  the  structure  of  unan- 
had  not  arrived,   he  was  struck  with  sealed  glass,  as  indicated  by  the  opiicsl 
its  analogy  to  the  phenomenon  in  mag-  figure  which  it  produces,  changes  by  di- 
netism  in  which  the  production  of  south  viding  it  in  two,  or  by  altering  its  form, 
polar  magnetism  at  one  end  of  a  needle  "^^^  structure  of  the  optical  figure  de- 
mstantly  creates  north  polar  magnetism  pends  on  the  form  of  the  glass  as  a  whole, 
at  the  other  end,  and  he  was  disposed  to  *"^  ^^  *s  easy  to  conceive  how  portions 
believe  that  the  phenomena  might  be  keptinastateof  compression  by  dilating 
owing,  as  in  magnetism,  to  the  action  of  forces  in  another  part  of  the  glass,  should 
a  fluid.     This  opinion,    however,  was  ^^se  fheir  state  of  compression  by  the  re- 
soon  abandoned,  after  he  was  better  ac-  ™oval  of  the  dilating  forces  which  occa- 
<jiiainted  Vvith  the  influence  of  compres-  sioned  it,  or  should  even  be  thrown  into 
sion   and  dilatation  in  developing  the  *  ^^^  ^^  dilatation  by  the  influence  of 
doubly  refracting  structure,  and  he  gave  ^^®  remaining  compressing  forces, 
the  following  explanation  of  the  pheno-  .Mr.  Herschel  has,  in  Ins  Treatise  on 
mena.     Let  CD  FE,  /ig.  67,  be    an  ^feht,  given  an  analogous  view  of  the 

subject  as  a  theory  of  the  phenomena. 

Fig.  67.  We  regard  the  views  given  above  as  the 

result  of  direct  experiment 

Chapter  XVL 

Structure  of  composite  Doubly  Refract- 
-  M.  ^^S  Crystals  —  Brazilian  Topaz  — 

elastic     transparent      substance     like         Sulp/iateof  Potash--Rem^hc^^ 
caoutchouc  or  isinglass  in  a  particular        ^*^  of  tesselated  Apophylhte. 
state  of  induration,  and  let  it  he  dilated  or    In  examining  the  phenomena  exliibited 
drawn  out  in  the  direction  A  B  by  forces    by  doubly  refracting  crystals,  the  reader 
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euinot  hil  to  have  observed  that  the 
forces  which  produce  them  have  the 
fame  character  and  the  same  intensity 
in  all  parallel  directions.  The  tints  or 
the  systems  of  rings,  or  ihe  separation  of 
images,  are  identically  the  same  through 
whatever  portion  of  a  crystalline  plate 
the  ray  is  transmitted,  provided  it  haa 
always  the  same  inclination  lo  the  axis 
or  axes  of  the  crystal 

In  composite  or  hemitrope  crystals 
there  is  an  apparent  deviation  from  this 
law.  If  one  crystal  adheres  to  another, 
K>  that  their  axes  are  not  parallel,  the 
system  or  systems  of  rings  seen  through 
a  plate  formed  out  of  the  adhering  crys- 
tal will  not  have  the  same  position,  nor 
will  the  tints,  or  the  separatbn  of  the 
images,  be  Uie  same  in  parallel  directions. 
This  kind  of  composite  structure  some- 
times presents  vety  curious  phenomena, 
as  in  nilre,  arragonile,  caicareou*  *par, 
harmolome,  arteniate  of  iron,  apUime, 
tcolezite,  feldspar,  sulphato-tricarbonata 
i^f  teaJ,  and  various  minerals ;  but  it  is 
particularly  beautiful  in  Braxiiian  topaz 
mi  certain    crystals   of   tulphate   oj 

A  very  particular  account  of  the  com- 
pound structure  of  Brazilian  topaz  has 
Men  given  by  Dr.  Brewster  in  the  Cam- 
bridga  TrantaetioTU,  vol.  iL  It  consists 
rf  a  central  rhomb  inclosed  within  four 
other  crystals,  as  '\afig.  68.    The  whole 

Fig.  6%. 

♦ 

haiVe  often  the  same  colour,  but  very 
often  the  central  rhomb  b  of  one  cobnr, 
while  the  external  tessete  are  of  a  difibrent 
colour  i  and  in  some  rare  cases  one  of 
the  external  tesselce  has  been  pink  while 
the  other  three  were  yellow.  These  ex- 
ternal tessels  are  often  divided  into  a 
number  of  minute  laminie,  whose  prin- 
cipal sections  are  not  parallel,  the  prin- 
cipal section  of  (he  innermost  being  in. 
cbned  no  leas  than  10°  or  11°  to  that  of 
the  outermost 

The  bipyi^midal  sulphate  of  potash.in 
place  of  being  a  simple  crystal,  as  Count  - 
Boumon  supposed,  has  been  shown  by 
Dr-  Brewster  to  be  a  compound  one,  and 
wh«n  a  plate  is  cut  out  of  it  perpend^ 
eular  to  the  axis  of  the  [pyramid,  it  ex- 


hibits the  tesselated  structure  shown  in 
<^.  69,  when  placed  in  the  apparatus 

F{g.  69. 


^.  39.  By  inclining  the  plate  the  tes- 
selse  ^ive  different  tints,  which  have  a 
ve^  fine  effect 

In  all  these  cases,  and  in  many  others 
that  might  be  adduced,  each  of  the  les- 
selse  have  all  the  properties  of  separate 
crystals.  They  have  all  the  same  po- 
larising force,  and  exlubit  the  same  pro- 
perties at  equal  inclinations  to  the  axes  of 
each,  so  that  their  optical  structure  anil 
properties  are  exactly  such  as  [nii,'ht 
been  predicted  from  a  knoivled;je 


teiselattd  apophyllitu  differs  in  a  very 
remarkable  manner.  The  doubly  re- 
fracting force  varies  in  different  parts  of 
the  crystal,  and  this  variation  takes 
place  with  such  admirable  symmetry  in 
relation  to  the  faces  of  the  crystal,  that 
it  produces,  when  exposed  to  polarised 
light,  the  most  beautiful  phenomena  that 
have  ever  been  witnessed. 

The  apophyllile  from  Faroe  most  com- 
monly crystallises  in  right-angled  prisms 
like  C  D,  Jig.  70.    If  we  remove  the 
Fig.  70. 
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slices  A«  B,  which  form  the  summit  and 
base  of  tlie  prism  to  the  thickness  of 
about  the  1 00th  of  an  inch,  and  examine  it 
either  by  the  miscroscope  or  by  polarised 
li^ht,  we  shall  perceive  no  difference 
between  them  and  ordiiMry  crystalline 
plates,  eiuseptinff  that  the  colour  of  the 
single  sygtem  of  rings  which  they  pro- 
duce are  peculiar,  as  described  in  Chap. 
IX.  p.  34.  A  number  of  veins  merely  ap- 
pear at  the  edges,  ai  Mhownin  the  figure. 
By  removing  other  slices,  which  may  be 
easily  done  \9y  a  knife,  m  the  mineral 
splits  with  gnmi  facUity»  and  expsing 
them  to  polarised  light,  we  shall  oDserve 
that  they  exhibit  the  beautiful  tesselated 
figure  shown  in^.  71.    The  outer  case, 


M  N  O  P,  which,  as  it  were,  binds  the 
interior  parts  together,  is  composed  of  a 
great  number  of  parallel  veins  or  plates 
which,  from  their  minuteness,  display 
the  colours  of  striated  surfaces.  Within 
this  frame  are  contained  no  fewer  than 
nine  separate  crystals,  riar,  the  central 
lozenge  ahcd^  the  four  prisms  A,  B,  C, 
D  with  trapezial  bases,  and  the  four 
triangular  prisms  e  h  It  I  m  n,  and 
gfc,  all  of  wliich  are  separated  from 
one  another  by  distinct  lines  or  veins. 
By  means  of  the  microscope  we  can 
easily  see  the  lines  «A/,  /mn,  nk^^ 
and g fe.  The  central  lozenge ahcd\& 
is  seen  much  less  frequently,  and  the 
radial  lines  ha,c  k,fd,  h  in  can  only  be 
recognized  by  a  particular  mode  of 
throwing  the  light  upon  the  plates, 
though  they  are  easily  seen  by  polarised 
light. 

But  the  most  remarkable  circumstance 
in  this  composite  structure  is,  that  the 
central  Intenge  abed  has  only  onk 
axis  of  double  re/rartion,  while  the  four 
prisms  A,  B,  C,  D,  have  two  axes.  In 
A  and  D  the  planes  of  the  two  resultant 
axes  are  coincident,  and  lie  in  the  direc- 
Uon  of  the  diagonal  MN  ;  and  in  like 


manner  the  planes  of  the  resultant  axes 
of  B  and  C  lie  in  the  other  diagonal 
O  P.  This  combination  of  crystals  with 
one  and  two  axes,  may  be  very  earaly  re- 
cognised by  holding  the  plate  M  ON  P 
in  the  position  D£F6  of/g.  39,  and 
turning  it  about  its  axis.  In  every  po- 
sition of  the  plate  the  lozenge  abc  a  will 
be  dark,  while  the  crystals  A,  B,  C,  D 
wiU  be  luminous  when  the  sides  M  O, 
O  N  are  parallel  or  perpendicular  to  the 
plane  of  primitive  polansation. 

Beautiful  as  this  structure  is,  it  is  yet 
far  surpassed  by  that  of  another  variety 
of  Faroe  apopnyllite,  the  extraordimuy 
organisation  of  which  is  thus  de- 
scribed by  Dr.  Brewster, 

"  Amon^  the  various  forms  in  which 
the  apoph^^te  occurs,  there  b  one  from 
Fiiroe  of  a  very  interesting  nature.  The 
crystals  have  a  greenish-white  tinge,  and 
are  aggregated  together  in  masses.  The 
quadrangular  prisms  are  in  general  below 
one-twelfth  of  an  inch  in  width ;  they  are 
always  unpolished  on  their  terminal 
planes;  they  have  the  angles  at  the 
summit  more  deeply  truncate  than  the 
other  quadrangular  prisms  friom  Fsjroe ; 
they  are  always  perfectly  transparent, 
ana  may  sometimes  be  detached  in  a 
complete  state,  with  both  their  terminal 
summits. 

"  In  examining  this  variety  of  apophyl- 
lite,  I  was  enabled,  by  the  perfection  of 
the  ciTstals,  to  study  their  structure, 
through  the  natural  planes,  and  at  right 
ang^les  to  their  axes.  The  phenomena 
which  this  investigation  presented  to  me 
were  of  a  very  singular  and  unexpected 
nature.  In  symmetry  of  form  and 
splendour  of  colouring,  they  far  sur- 
passed any  of  the  optical  arrangements 
that  I  had  seen,  while  they  developed  a 
singular  complexity  of  structure,  and  in- 
dicated the  existence  of  new  laws  of 
mineral  organisation. 

"  When  a  complete  crystal  of  this 
variety  of  apophyllite  is  exposed  to  po- 
larised light,  with  its  axis  inclined  45® 
to  the  plane  of  primitive  polarisation, 
and  is  subsequently  examined  with  an 
analysing  prism,  it  exhibits,  through 
both  its  pair  of  parallel  planes,  the  ap- 
pearance shown  in  Jig,  72,  In  turning 
the  crystal  round  the  polarised  ray,  aJi 
the  tints  vanish,  re-appear,  and  reach 
their  maximum  at  the  same  time,  so 
that  they  are  not  the  result  of  any  he- 
mitropism,  but  arise  whoUy  from  a  sym- 
metrical combination  of  elementaiy 
crystals  possessing  different  primitive 
forms  and  different  refractive  and  po 
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distances  from  it,  cannot  bH  to  strikfl 
the  observer  with  aurprite  and  admira 
tion 

"  The  tints  exhibited  by  eaeh  crvstal 
yary,  of  coiu^e,  according  to  its  tnick- 
ness,  but  the  range  of  Unl  in  the  sdme 
plate,  and  at  tlie  sarae  thickness,  gene- 
rally  amounts  in  the  largest  crystals  to 
three  of  the  orders  of  colours  in  New- 
ton'i  scale.  The  central  portion,  and  tlie 
two  squares  above  and  below  it,  have  in 
geneid  the  same  intensity,  while  the  four 
segments  round  the  central  portion,  and 
some  of  the  parts  beyond  each  of  the 
squares,  are  also  isochronmtic.  In 
the  central  part  the  colours  have  a  de- 
dded  terniination ;  hut  towards  the  sum- 
mit of  the  prism  their  outline  is  less 
regular,  and  less  distinctly  marked ; 
thnu){h  this  irregularity  has  also  its 
counterpart  at  the  other  termination. 
A  part  of  these  irregularities  is  some- 
tiniei  owing  to  the  longitudinal  strie  on 
thenaturalfaccsof  the  crystal,  so  that  by 
carefully  mnding  these  off,  the  beauty 
and  regidarity  of  the  figW  is  greatly 


coloura  polarised  by  the  crystal,  and  ob- 
serve ia  what  manner  they  passed  into 
one  another,  I  transmitted  tlie  polarised 
%ht  in  a  direction  parallel  to  one  of  the 
dtaconals  of  the  quadrangular  prism, 
ana  thus  obtained,  as  it  were,  a  section 
of  the  different  orders  of  colours,  from 
the  wro  of  their  scale.  The  result  of 
this  experiment,  which  is  shown  in  Jif,  73, 


larisin^  powers.  The  difference  in  tha 
polarising  powers  ia  well  shown  by  the 
variation  of  tint;  and  the  difference  of 
refractive  power  may  be  observed  with 
equal  distinctness  by  eiaminirw  the 
crystal  with  tlie  miorosco[>e  under  fa- 
vourable circumstances  of  illumination, 
when  the  outlines  of  the  symmetrical 
forms  shown  in  _^g.  79  will  be  cleariy 
visible. 

"  In  examii^ng  the  splendid  arrangtt- 
ments  of  tints  ^ibited  in  the  figure, 
the  perfect  symmetry  wluch  appears  in 
aU  its  parts  is  partioularly  remark- 
aide.  Tlie  existence  of  the  eurvilineal 
Bolid  in  the  centre;— the  etadual  di- 
minution in  the  length  of  the  circum- 
scribing plates,  in  consequence  of  which 
they  la|)er,  as  it  were,  from  the  anglw 
of  the  central  rectanelo  to  the  truncated 
angles  at  the  summits ;  hut,  above  all, 
the  reproduction  of  sipillBr  tints  on  eaoh 
side  of  the  central  flgura,  and  at  oqual 
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was  highly  interesting,  as  it  displayed  to  each  other.    The  crystal  is  then  made 

the  eye  not  only  the  law  according  to  quadrangular  hy  the  application  of  four 

which  the  intensity  of  the  polarising  triangular  prisms  of  unusual  acuteness. 

forces  varied  in  different  parts  of  the  The  nine  solids,  arranged  in  this  sym- 

crystal,  but  also  the  variation  in  the  na-  metrical  manner,  and  joined  by  trans- 

ture  of  the  tints,  and  the  connection  be-  parent  veins,  performing  the  functions 

tween  these  two  classes  of  phenomena.  At  of  a  cement,  are  then  surrounded  by  a 

the  points  in  the  diagonal  m  n,  opposite  wall,  composed  of  numerous  films,  de- 

to  a  and  b  of  the  crystal,  the  tints  rose  to  posited  in  succession,  and  the  whole  of 

the  seventh  order  of  colours ;  at  other  this  singular  assemblage  is  finally  roofed 

two  places,  opposite  to  c  and  cK,  they  rose  in  by  a  plate  exactly  similar  to  that 

only  to  the  sixth ;  wlule  near  the  sum-  which  formed  its  foundatioa 
mits,  at  m  and  n,  they  descended  so  low        "  The  second  variety  of  the  tesselated 

as  tlie  fourth  order.    Hence  it  follows  apophyUite  is  still   more    complicated, 

that  the  four  curvihneal  segments,  ^.  Possessing  the  different  combinations  oi 

72,  are  next  to  these  in  intensity;  that  the  one  which  has  just  been  described, 

the  central  portions  of  the  squares  are  it  displays,  in  the  direction  of  the  length 

again  inferior  to  these;  and  that  the  of  the  prism,  anoiganizationof  themost 

wealvest  polarising  force  is  near  the  sum-  singular  kind.    Forms,  unknown  in  crys- 

mits  of  the  prism.  At  a  and  6,  the  fourth,  tallography,  occupy  its  central  portion; 

fiftli,  and  sixtli  fringes  have  a  singularly  and  on  each  side  of  it  particles  of  simi- 

serrated  outline,  euiibiting  in  a  verj^  in-  lar  properties  take  their  place,  at  similar 

teresting  manner  the  sudden  variaUons  distances,  now  forming  a  zone  of  uniform 

which  take  place  in  the  polarising  forces  polarising  force,  now  another  increasing 

of  the  successive  laminse.  to  a  maximum,  and  now  a  tlurd,  de- 

*'  Having  thus  described  the  structure  scending  in  the  scale  by  regiUar  grada- 

and  properties  of  the  tesselated  apophyl-  tions.     The  boundaries  of  these  oone- 

lite,  it  becomes  interesting  to  inquire  how  sponding    though    distant    zcmes    are 

far  such  a  combination  of  structures  is  marked  with  the  greatest  precision,  and 

compatible  with  the  admitted  laws  oi  all    their  parts  as  nicely  adjusted  as 

crystallography.    The  growth  of  a  crys-  if  some  skilful  workman  had  selected  the 

tal,  in  virtue  of  the  a^^egation  of  minute  materials,  measured  the    spaces    they 

particlts  endowed  witn  polarity  and  pos-  were  to  occupy,  and  finally  combined 

sessing  certain  primitive  forms,  is  easily  them  into  the  finest  specimen  of  natural 

comprehended,  whether  we  suppose  the  mosaic. 

particles  to  exist  in  a  state  of  igneous        "  The  irregularities  of  crystallisation, 

fluidity  or  aqueous  solution.    But  it  is  a  which  are  known  by  tlie  name  of  Made, 

necessary  consequence  of  this  process  or^emt/rop«  forms,  and  those  compound 

that  the  same  law  presides  at  the  forma-  groups  wliich  arise  from  the   mutual 

tion  of  every  part  of  it,  and  that  the  penetration  of  crystals,  are  merely  acci- 

cr}^stal  is  homogeneous  throughout,  pos-  dental  deviations  from  particular  laws, 

sessing  the  same  mechanical  and  physi-  which  govern  the  cr>'stallisations  in  wliich 

cal  properties  in  all  parallel  directions.  ihey  occur.     The  aberrations  themselves 

*'The  tesselated  apophyUite,  however,  testify  the  predominance  of  the  laws  to 

could  not  have  been  formed  by  this  pro-  which  they  form  exceptions,  and  they  are 

cess.     It  resembles  more  a  work  of  art,  susceptible  of  explanation,  by  assuming 

in  which  the  artist  has  varied,  not  only  certain  polarities  in  the  integrant  mole- 

the  materials,  but  the  laws  of  their  com-  cules.    The  compound  structure  of  tlie 

bination.  apophyUite,  however,  cannot  be  referred 

*'  A  foundation  appears  to  be  first  laid  to  these  capricious  formations.     It  is  it- 

by  means  of  an  umform  homogeneous  self  the  result  of  a  general  law,  to  which 

plate,  the  primitive  form  of  which  is  there  are  no  exceptions,  and  when  more 

pyramidal.    A  central  piUar,  whose  sec-  deeply  studied  and  better  understood,  it 

tion  is  a  rectangular  lozenge,  then  rises  must  ultimately  lead  to  the  introduction 

l)eri)endicularly  from  the  base,  and  con-  of  some  new  principle  of  organisation, 

sists  of  similar  particles.    Round  this  of  which  crystallographers  have  at  pre- 

piUar  are  placed  new  materials,  in  the  sent  no  conception, 
form  of  four  trapezoidal  solids,  the  pri-        **  The  difficulty  of  accounting  for  the 

mitive  form  of  whose  particles  is  pris-  formation* of  apophyUite  is  in  no  way 

matic,  and  in  these  soUds  the  hues  of  diminished  by  giving  the  utmost  licence 

•imilar  properties  are  at  right  angles  to  to  speculation.     We  camiot  even  avail 
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s  of  the  extnvRgant  supposition  /^.  74,  e6c^,a/Afi,  perpendicular  to  the 

italline  embryo,  which,  like  that  long  diagonals  EF,  GH  of  the  rhoniboidal 

a]  and  vegetable  life,  gradually  faces,  and  parallel  to  the  edges  E  G, 

:   to   maturity.    The    germ    of  FH,    When  we  look  uerpendiculariy 

ind  animals  is  nourished  by  a  through  the  &ces  A  E  B  F,  D  G  C  H, 

f  onrans,  of  which,  however  re-  the  light  will  not  pass  throuKh  the  above 

be  the  operation,  we  yet  see  the  planes,  and  consequently  we  shall  see 

and  witness  the  effects  ;  but  in  only  the  two  images  of  the  object  formed 

litecture  of  apophyllite  no  subsi-  by  double  refraction.    But  if  we  look 

);Bns  are  seen.     The  crystal  ap-  through  any  of  the  other  bees,  we  shall 

ily  in  its  state  of  perfection ;  and  observe  the  two  common  images  very 

,efl  to  admire  the  skill  which  pre-  cloae    together,    then    two    secondary 

its  formation,  and  to  profit  by  images  at  a  much  greater  distance,  one 

miction  which  is  so  impressively  oneach  aide  of  the  two  common  images; 

d  by  such  mysterious  organisa-  sometimes  there  are/our,  and  sometimes 

six   secondary  images,    the   secondary 

images  being  in  two  lines,  one  on  each 

Chapter  XVII.  side  of  th '.  common  images,  and  perpen- 

■    «■      -<■  /_       .  .-„  ^^1.^,^..  dicularto  the  line  joining  the  common 

~T^JSSTS  ^  t,  m3«>u«  double.  Iripl,,  and  ,u.J™S 


such  a  dc^^e  that  heaps  of  them  are 
who  have  been  in  the  habit  of  visible,  sometimes  varying  in  (he  inten- 
eiq)erLments  with  calcareous  spar  sity  and  colour  of  the  lignt,  sometimes 
fiullo  have  observed  that  various  vanishing,  and  sometimes  re-appearini; 
ns,  while  they  produce  only  two  by  the  inclinafion  of  tile  plate,  Tlicse 
through  two  feces  of  the  rhomb,  phenomena  are  slill  further  varied,  if  tlte 
!  great  luimbers  of  coloured  luminousobjectcotiidstof  polarised  light, 
by  transmitting  the  light  through  The  images  are  in  general  highly  co- 
ler  faces  of  the  rhomb.  Upon  Inured,  exhibiting  the  complementary 
ng  such  specimens,  it  will  be  seen  tints  of  polarised  light,  hut  in  some  spe- 
■xi  are  one  or  more  planes  pass-  cimens  there  are  no  colours  atoll  except- 
lughthe  specimeii,  and  that  light  ing  a  prismatic  tinge  at  the  edges  arising 
itrf  from  these  pknes,  so  as  to  from  refraction.  We  have  now  a  large 
■■  more  than  ti.o  images  by  re-  specimen  before  us,  in  which  the  rhomb 
,  This  multiplication "  of  images  is  so  intersected  with  planes,  that  it 
bserved  by  Bariholinus  and  throws  up  a  floating  Lght  like  the  finest 
IS,  and  was  afterwards  described  specimens  of  moon  stone,  but  produces 
jamin  Martin,  Dr,  Robison,  and  none  of  the  complementary  cmoura  <rf 
luebam.  other  specimens. 

ciTstals  of  Iceland  spar,  which       Malus  has  explained  the  general  phe- 
tfiis  curious  property,  are  inter-    nomena  above  descrilied,  by  supposing 
vith  one  ormore  planes,  AB  C  D,    that  the pUnes  AB  C  D,  Sec., are  fissures 
p.     . .  within  the  crystal,  and  that  the  colours 

*'  ..  ■  are  those  of  a  plate  of  air  similar  to  the 

Newtonian  colours  of  thin  plates. 

In  this  state  of  the  subject  Dr.  Brew- 
ster was  led  to  the  examination  of  the 
phenomena.  As  the  planes  A  B  C  O,  Sec, 
are  almost  always  extended  to  all  the  four 
foces  of  the  rhomb,  and  give  exactly  the 
same  colour  at  every  part  of  their  sur- 
face, it  was  obvious  that  if  a  fissure  oc- 
casioned the  phenomena,  it  must  l>e 
equally  wide  at  every  part  of  its  surfacf, 
an  eif^ct  so  extraordinary,  that  it  could 
nut  possibly  take  place.  As  the  suppOMd 

Z. fissure    extended    to  every   surface  (A 

riM«f*iVMwHm(,ToLii.p.i>3.         the  rhomb,  il  iwae»aa&^  ^sj&»«<«&.  "^a^ 


n  POlARlSATION  OP  LIGHT. 

the  sli^itest  blow wonld produce  1  sep»-  theyeinM  N  is  notintbepoiHionwhe™ 
ntion  of  the  two  portions  of  the  ciystld  double  refi^ction  does  not  take  pUce* ; 
between  which  it  lay.  Dr.  Brewster,  but  as  the  xein  is  so  thin  «■  to  produce 
therefore,  tried  to  produce  such  a  cleav-  colours  by  polarised  liifht,  eiich  of  th« 
Bge ;  but  he  found  this  impracticable,  pencilsceandd/willconsistoftwo  com- 
and  upon  erindinc  down  the  crystal,  and  plementary  colours,  depending  on  the 
removinetllecalcareoiis  spar  wiiha  sharp  thickness  of  the  vein,  ana  the  inclination 
knife.tilihereachedthesupposedflssure,  of  the  polarised  rays,  6  c,  6  rf  lo  the  a«ii 
he  found  that  there  was  no  such  breach  of  the  rein.  These  double  penrils  wiU 
of  continoi^  In  the  mineml,  but  that  the  emer^al  ^./from  the  vein,  and  be  diri- 
■dhesion  of  the  molecules  waa  exceed-  ded,asinlheflipjre,intothe«T»«i«,««, 
ingly  powerful  at  the  very  place  where  /o,/p.  the  colouroftlie  pencils  e  «,/o, 
the  fissure  was  supposed  to  exist  ^j"?  compleroentary  to  those  ofeirt,/p. 
Upon  more  minute  examination  hefound  The  rhoinb  of  calcareous  spar,  shown 
that  the  phenomena  were  all  owing  to  iajig.  7b,  is  equivalent  to  the  polarisiiu 
veins  or  thin  crystals  of  calcareous  spar,  apparatus  shown  in  _fig.  39,  the  h^ia 
wliJch  inteiTupted  the  regular  Ibrm^ion  beini;  first  polarised  by  the  thtanb 
of  the  minerals,  or,  what  is  the  same  A  M  N  C,  the  vein  M  N  bnne  the  thin 
thin^,  that  the  rhombs  which  produced  crystallised  vein  shown  at  D  E  F  G  in 
the  midtiplication  of  images  were  hemir  Jig.  39,  and  the  light  transmitted  through 
trope  crystals  of  calcaieous  spar.  This  itMing  analysed  by  the  rhomb.MBD  N. 
opinion  u  capable  of  the  most  rigid  de-  When  the  vein  M  N  is  very  thin,  and 
monstration.  If  we  cleave  the  cr^tal,  the  rays  b  c,  bd  not  much  inclined  to  the 
ftr.  74,  in  the  direction  A  E  B  r  or  aiis  of  M  N,  the  colours  are  recognised 
DO C H,  we  shall  find  that  the  edges  as  portions  of  the  system  of  c-dour«<I 
A  B  e  ft,  a/  of  the  thin  crystal  are  not  rings  which  smround  the  axis  of  M  N. 
cirincident  with  the  general  surface,  but  In  order  to  give  ocular  proof  that  tbi 
present  each  a  foce  inclined  MI*  44';  mullijdication  and  colour  of  the  imtt^ 
while  a  cleavage  parallel  to  all  the  other  are  jnYtduced  by  the  causes  above  ex- 
faces  exhibits  no  such  ciystalline  f«ce,  plained.  Dr.  Brewster  divided  rhombs  nt 
thecleavaeeof  the  veins  being  coincident  calcareous  spar,  and  insetted  between 
with  the  cleavage  of  the  £^eral  crystal  them,  or  into  grooves  cut  in  tliem,  pJatn 
These  facts  determine  the  exact  position  of  calcareous  spar,  or  thin  lilms  of  sul- 
of  Ihe  axis  of  the  vein,  and  by  cutting  phate  of  lime  and  mica,  and  iras  able  to 
two  faces  on  the  crvstal,  perjiendicular  reproduce  all  the  plienomena  disphi«d 
to  this  axis,  we  shall  observe  Ihe  system  by  the  natural  compound  crystal,  ijtt 
of  rings  t^longing  to  the  vein  itself.  phenomena  admit  of  many  interesting 
The  cause  of  the  midtlplicalion  of  the  varialioiis,  tw  interposing  several  thin 
images  will  be  understood  from^^f.  75,  films  in  ditfferent  azimuths  round  the 
where  MN  is  Ihe  section  of  Ihe  vein  or  polarised  pencils  b  e,  ft  <f,andaldilttrent 
crystal  of  calcareous  simr  placed  within  A  molinations  to  the  axis  of  the  principo] 
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rhomb.   Some  of  these  phenomena  hi 
been  already  referred  to  in  p.  2i,  et  the 
•nd  of  Chapter  VI. 

Chaptkr  XVIII. 

5i  Influence nf  an  uniform Hfalupondoublf  i 
refracting  Cryttali — upon  Calcarmiu  j 
Spar —  Sulphate  of  hime— Curiam 
experimenl  unlfi  Sulphate  of  PolaA  ! 
and  Copper,  with  the  Hydmus  Sal-  '. 
phales  nf  Magnesia  and  Zine- 
markaUe  e(f 


irkable  effect  of  Heat  m 
me — and  on 


rhombwhosepnneipalsectionisABCD.  The  veiy  curious  subject  of  the  influenw 

A  ray.  R  6,  incident  at  A,  being  refracted  gf  heat  upon  double  reaction  has  been 

doubly  at  b,  will  enter  the  plale  of  spar  recently  investigated  by  Professor  Mit- 

at  c  d,  where   each  pencil  will  Buffer  . 1 l! ' 


i 
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scherlich  of  Berlin ;  but  we  regret  that  the  whole  is  resolved  into  a  heap  of  in- 

it  is  out  of  our  power  to  give  any  thing  coherent  powder,  a  result  which  could 

more  than  a  meagre  account  of  some  evidently  not  take  place  had  all  the  mi- 

of  his  results.  nute  and  interlacea  crystals  of  which 

In  uncr]^stallised  bodies,  and  in  all  the  con^;ealed  salt  consisted  contracted 
crystals  wiuch  have  no  double  refraction,  equally  m  all  directions  by  the  coding 
a  rise  of  temperature  throughout  the  process,  as  in  that  case  their  juxtaposi- 
whole  mass  produces  an  equal  expansion  tion  would  not  be  disturbed.'' 
in  an  directions,  without  any  change  of  When  Professor  Mitscherlich  was  ex- 
figure.  With  doubly  refracting  crystals  amining  the  double  refraction  of  the  hy" 
me  case  is  different.  When  calcareous  drous  tulphate  of  magnesia  mhea  heated 
spar  is  heated,  it  dilates  in  the  direction  in  oil,  he  observed  that  it  suffered  no 
of  its  axis  of  double  refraction;  but  Pro-  change  till  the  temperature  reached  126° 
fessor  Mitscherlich  found  that  in  all  of  Fanrenheit  The  crystal  then  became 
other  directions  at  right  angles  to  this  opaque,  and  on  beii^  Droken,  it  shewed 
axis  it  contracts,  so  that  there  must  be  tne  structure  of  a  pseudo-morphous  crys- 
a  line  inclined  to  the  axis  in  which  there  tal,  consisting  of  a  number  of  mdividual 
is  neither  dilatation  nor  contractioD.  crystals,  beginning  at  the  surface  and 
Hence  the  angles  of  the  crvstal  are  meeting  in  the  inside  of  the  original 
changed  by  heat,  being  diminisned  (by  a  crystal.  The  same  effect  was  pro- 
heat  from  the  freezing  to  the  boiluig  duced  at  the  same  temperature  on  the 
point)  8'  30''  in  the  dihedral  angle  at  the  hydrous  sulphate  of  zinc :  hence  he  in- 
extremities  of  the  axis.  Its  form  being  fers  that  a  movement  of  the  particles 
thus  brought  nearer  to  that  of  the  cube,  of  a  solid  body  may  take  place,  by  which 
which  has  no  double  refraction,  its  the  particles  take  a  new  synunethcal  ar- 
double  refraction,  as  might  have  been  rangement,  and  form  a  new  mineral 
expected,  is    diminished.      M.  Fresnel  species. 

found  that  heat  dilates  sulphate  of  lime  The  most  extraordinary  fact,  however, 

less  in  the  direction  of  its  principal  axis  discovered  by    Professor    Mitscherhch 

of  double  refraction  (in  the  plane  of  the  relates  to  the  influence  of  heat  on  the 

laminaB)than  in  a  direction  perpendicular  double  refraction  of  sulphate  of  lime. 

to  it,  a  difference  analogous  to  that  of  cal-  In  this  mineral,  which  has  two  resultant 

careous  spar,  but  of  a  contrary  charac-  axes  in  the  pkme  of  the  laminae  inclined 

ter,  as  might  have  been  anticipated  from  60°,  these  two  axes,  P,  P,  ^.  33,  gra- 

the  opposite  nature  of  the  double  refrac-  dually  approach  with  heat  till  they  unite 

tion  of  these  two  minerals.  at  O,  and  wlien  further  heated  they  again 

T^ese  results  being  obtained  by  very  open  out  on  each  side  of  o  towards  A 

nice  experiments,  which  but  few  per-  and  B. 

sons  are  able  to  repeat,  Mr.  Herschel  An  analogous  fact  of  equal  interest  has 
has  given  the  following  experiment  been  recently  observed  by  Dr.  Brewster, 
as  an  ocular  demonstration  of  the  in  Glauberite,  This  crystal,  at  ordinary 
truth  of  the  general  fact  of  unequal  temperatures,  has  one  axis  of  double  re- 
change  of  dimension  by  change  of  tem-  fraction  for  violet,  and  two  axes  for  red 
perature.  "  Let  a  small  quantity  of  the  light.  By  applying  a  heat  below  that  of 
sulphate  of  potash  and  copper  (an  an-  hcy^mgiiiiXex  the  weaker  axis  for  red  light 
hydrous  salt  easily  formed  by  crystalli-  disappeared  altogether  mcon'&Qfiweixci^oi 
sing  together  the  sulphates  of  potash  and  the  two  resultant  axes  P,  P,  fisr.  33, 
of  copper)  be  melted  in  a  spoon  over  a  uniting  in  O.  By  a  slight  increase  of 
spirit  lamp.  The  fusion  takes  place  at  heat,  the  resultant  axes  ajE^n  opened  out 
a  heat  just  below  redness,  and  produces  in  the  plane  A  B,  indicating  the  creation 
a  liquid  of  a  dark  green  colour.  The  of  a  new  axis  for  red  light  B^  the  ap- 
heat  being  withdrawn,  it  fixes  into  a  solid  plication  of  artificial  cold  the  single  axis 
of  a  brilliant  emerald  green  colour,  and  for  violet  light  at  O  opened  out  towards 
remains  solid  and  coherent  till  the  tem-  P  and  P,  producing  two  resultant  axes  in 
perature  sinks  nearly  to  that  of  boiling  the  same  plane  as  that  of  the  two  axes 
water,  when  all  at  once  its  cohesion  is  for  red  light  at  ordinary  temperatures, 
destroyed;  a  commotion  takes  place  At  a  certain  temperature  tlie  violet  axis 
throughout  the  whole  mass,  beginning  also  opened  up  in  the  plane  A  B.  ♦ 

from  the  surface,  each  molecule,  as  if . 

animated,  starting  up  and  separating  it- 
self from  the  res^  tiU  in  a  few  moments  •  Sdi^bwrgh  2Vm«aetJoM,  voL  xi, 
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Conduiiofim 

Wb  have  thus  endeavoured  to  lay  be-  to  condense  into  two  Treatises  the  most    < 

fore  the  reader  a  general  view  of  the  important  phenomena,  and  to  explain 

facts  and  laws  which  constitute  this  new  them  with  as  much  perspicuity  as  be 

and  curious  branch  of  Optical  Science,  could,  within  such  nairow  limits. 
In  so  far  as  the  exclusion  of  mathemati-       Those  who  wish  to  study  the  subjeet    < 

cal  illustration  can  aocomulish  it,  these  more  deeply  are  referred  to  Biot*s  Tnaie 

treatises  will  be  sufficiently  intelligible  de  Physique,  torn.  iv. ;  the  article  Op- 

to  ordinary  readers ;  though  the  author  tics  in  Dr.  Brewster's  Enevdo^gdia; 

feels  that  the  subject  is  susceptible  of  the  Art.  Polarisation  in  &e  Supple^    i 

being  treated  in  a  still  more  popular  menttothe  Ency.  BriL;  Mr.Herschel's 

form.    This,  however,  could  only  have  Treatise  on  Light ;  and  to  the  vaiious 

been  accomplished,    either  by  dififlise  P&pers  published  by  Dr.  Brewster  in  the 

illustration    totally    incompatible  with  Fnilosophioal  Traruactions,  firom  1813    J 

limitation  of  space,  or  by  an  imperfect  to  1819 ;  in  the  Edinburgh  Tramu-    ] 

view  of  the  subject,  which  wfomCi  have  tums^  vols.  vii.  viiL  ix.  and  x.;  and  in   / 

excited,  without  gratifying,  scientific  cu-  different  Numbers  of  the  BdiiKkurgh 

riosity.    His  object  h&s,  therefore,  been  Journal  ^  Seienee, 
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EXPLANATION  OF  SCIENTIFIC  TERMS 


MADE  USE  OF  IN  THIS  VOLUME. 


ABERRATION  (Latin  ab^rrare^  toitray) 
it  limply  any  wandering  of  a  body  from 
the  path  in  which  it  is  expected  to  move. 
In  Natural  Philosophy,  the  term  is  used 
with  respect  to  the  rays  of  light.  In 
Astronomy,  for  example,  the  apfmrent 
place  of  a  star  differs  from  the  true ;  be- 
cause,  light  not  being  instantaneous  in 
its  progress,  the  earth  will  have  moved  so 
far  in  her  orbit  while  the  particle  of  light 
which  renders  the  star  visible  is  passing 
to  the  eye ;  and,  hence,  the  tube  through 
which  we  view  tlie  luminary  must  be 

"  directed  forward,  on  a  similar  principle 
M  the  fowler  points  his  gun  bifore  the 
vbird  which  he  would  shoot  in  its  flight. 

^^ ,   SPHERICAL.     The 

""ention  of  spherical  lenses,  or  of  oon- 

'e  mirrors,  is  that  the  rays  of  light 

<uld,  in  the  former  case,  be  refracted, 

i  in  the  latter  reflected,  so  as  to  con- 

fi  and  meet  in  a  single  point  or  focus, 

•  practice,  the  rays  are  generally  found 

to  deviate  from  that  point,  and  this  devi. 

ation  is  termed  the  Spherical  aberration 

of    the  lens,  or  of  the  mirror.     These 

aberrations    proceed   from  two  causes  : 

from  the  form  of  curvature  of  the  lens, 

or  of  tlie  reflector,  and  from  the  different 

refraiigibility  of  the  rays  of  light. — See 

Hf(franffibiiitff. 

ABSCISSA.— See  Conic  Sections, 

ACCELERATION  is  an  increase  in  the 
rapidity  of  the  motion  of  a  moving  body. 
Thus  it  being  found,  by  experiment, 
that  a  stone,  or  other  body,  falling  to  the 
earth,  moves  faster  and  faster  as  it  de> 
soends,  the  motion  is  said  to  be  eonti* 
nually  accelerated, 

ACCELERATED  FORCE  is  the  in. 
creased  force  which  a  body  exerts  in  con- 
sequence of  the  acceleration  of  its  motion. 

MOTION.— See  Aece^ 

leration, 

ACCIDENTAL  COLOURS.  If  we  look 
intensely  with  one  eye  upon  any  coloured 
spot,  such  as  a  wafer  placed  on  a  sheet  of 
white  paper,  and,  immediately  after- 
wards, turn  the  same  eye  to  another  part 
of  the  paper,  we  shall  see  a  similar  spot, 
but  of  a  different  colour.  Thus,  if  the 
wafer  be  red,  the  seeming  spot  will  be 
green ;  if  black,  it  will  be  changed  into 
white ;  and,  in  the  same  manner,  everv 
colour  has  a  corresponding  one  into  which 
it  is  transformed.  These  corresponding 
spots  are  termed  Accidental  Colours^  or 
Ocular  Spectra. 

ACHROMATIC  (from  the  Greek  a  priva. 
tive,  and  chroma^  colour)  signifies  withm 
out  colour »  ObjectiywheaTiewed  through 


an  ordinary  telescope,  appear  to  be  co- 
loured round  their  edges,  on  account  of 
the  different  refrangibility  of  the  rays  of 
light ;  and  telescope*  which  are  construct- 
ed so  as  to  counteract,  or  prevent,  this 
aberration,  are  denominated  Achromatic, 

ACTING  POINT.— See  Machine. 

ACTION  is  that  motion  which  one  body 
produces,  or  endeavours  to  produce,  in 
another.  Mechanical  Action  is  exerted 
either  by  percussion  or  by  pressure  ;  and, 
in  either  case,  the  force  exerted  by  the 
acting  body  is  repelled  in  an  equal  degree 
by  the  body  on  which  it  acts.  Thus,  in 
driving  a  nail  with  a  hammer,  the  stroke 
acts  as  powerfully  against  the  face  of  the 
hammer  as  against  the  head  of  the  nail ; 
and,  in  pressing  the  hand  upon  a  stone, 
the  pressure  upon  the  stone  is  equally 
impressed  upon  the  hand.  In  each  of 
these  cases  the  impulse  is  counteracted 
by  what  is  termed  the  Reaction;  and 
that  ^^  Action  and  Re-action  are  always 
equal"  is  not  only  laid  down  as  an  axiom 
in  mechanics,  but  is  understood  to  be  a 
general  law  of  nature. 

ACTIVE  FORCE.— See  Forc<f. 

ACUTE  ANGLE.— See  Angle. 

ADAMANTINE  SPAR.— See  Corundum 
and  Spar. 

ADULARIA.— See  Feldspar. 

AERIFORM  BODIES,  or  AERIFORM 
FLUIDS.— See  Ga«. 

AGATES  are  not  simple  stones,  but  ag« 
gr^gates  of  different  spedet,  such  as 
quartz,  flint,  amethyst,  &43. ;  all  differing 
in  colour  and  transparency,  but  sliding 
into  one  another  by  almost  imperceptible 
gradations.  The  Mocho^tones^  which 
appear  as  if  they  contain  little  stems  of^ 
moss,  are  Agates ;  and  so  are  the  varie- 
gated Scotch  pebbles. 

AIR,  IN  A  POPULAR  SENSE,  is  that 
transparent  invisible  fluid  which  sur- 
rounds the  earth,  and  in  which  we  move 
and  breathe.  It  is  also  termed  Common 
Air,  and  Atmospheric  Air,  to  distinguish 
it  from  the  other  gases.— See  Gas  and 
Atmosphere, 

,  IN  A  GENERAL  SENSE,  is  any 

permanently  elastic  fluid  which  is  so  si- 
milar, in  this  and  other  qualities,  to  com- 
mon air,  as  to  be  properly  classified  under 
the  same  general  name. — See  Gas. 

,  CONDENSED,  is  air  rendered  man 

dense  by  being  subjected  to  pressure. 

,  ETHEREAL,  or  ETHER,   is  an 

imaginary  fluid,  supposed  by  some  to  fill 
all  space  beyond  the  atmospheres  of  the 
earth  and  other  planets. 


^ 


EXPLANATION  OF  SCIENTIFIC  TERMS. 


used  in  place  of  the  weight  or  the  pres" 
Mure  oi_  the  atmosphere.  —  See  AHno$' 
phere, 

AIR,  RAREFIED.— See  Rar^aotion. 

AIR-TIOHT,  that  degree  of  closeness  in 
any  vessel  or  tube  which  prevents  the 
passage  of  air. 

AIR-VESSEL,  a  vessel  in  which  air  is 
condensed  bv  pressure,  for  the  purpose  of 
employing  the  re-action  of  its  elasticity 
as  a  moving  power. 

ABIETHVST.— See  Corundum. 

ANALCIME  is  a  stone  which  is  found 
*'  in  grouped  crystals,  deposited  by  water, 
in  the  fissures  of  hard  lavas."  It  melts 
under  the  blowpipe  into  a  semi-transpa- 
rent glass.  It  is  also  called  CwMrJIe.— 
See  Poiarisation  of  Light^  page  S9. 

ANGLE.  When  two  straight  lines,  not 
Iving  in  the  same  direction,  as  A  G  and 
B  C,  meet  in  a  point,  as  at  C,  the  open- 
ing between  them  is,  in  common  lan- 
guage, called  a  nook,  or  comer ;  and,  in 
Geometry,  an  angle.  Thus,  the  opening 
at  C  is  called  the  angle  A  0  B. 


Mathematicians  have  modes  of  ex- 
pressing the  comparative  extent  of  such 
openings,  or  angles.  Thus,  in  figure  I, 
draw,  round  C,  as  a  centre, a  drole  bna 
dgefy  extending  the  line  BG  until  it 
meet  the  circle,  which  will  be  thus  cut 
into  two  equal  parts,  or  Semioiroles.  Let 
the  circumference  of  this  circle  be  di- 
vided into  860  equal  parts  (for  all  circles 
are  supposed  to  be  so  divided)  and  the 
number  of  those  parts  that  are  contained 
in  the  portion  anb,  which  is  called  an 
ArOy  is  the  measure  of  the  angle  A  G  B. 
As  the  figure  is  here  drawn,  the  number 
of  parts  are  forty,  and,  therefore,  A  G  B 
is  said  to  l>e  an  angle  of  forty  Degreet^ 
and  thus  marked  40°.  Every  degree  is 
supposed  to  be  subdivided  into  Kixty  equal 
parts,  called  Minutei^  and  those  again 
into  sixty  still  more  minute  parts  termed 
Secondty  and  even  Thtrdji^  each  a  sixtieth 
part  of  a  second,  are  calculated  by  astro- 
nomers. Such  subdivisions,  however, 
can  refer  only  to  circles  of  a  large  diame- 
ter, and  are  measured  by  means  of  in- 
struments.— See  Vernier 

A  whole  circle  oontaim'ng  3d0^,  the  ss- 


midrde  will  contain  180°;  and  if,  at  the 
point  G,  we  draw  a  straight  line  C  dl,  so  as 
to  cut  the  semidrcle  into  two  equal  parts, 
or  Quodrantt^  each  of  these  quadrantal 
arcs,  da  by  and  dgey  will  contain  90*^, 
being  the  measure  of  the  angles  <iGB 
and  dCe^  which,  being  equal,  are  each 
termed  a  Bight  angle  ;  and  the  line  C  d, 
neither  inclining  to  the  right  hand  nor 
the  left,  is  called  a  Perpetutieular  to  the 
line  e  by  the  Diameter  of  the  drde.  Any 
line  from  the  centre  G  to  the  drcom- 
ference,  as  G  «,  G  <f,  G  a,  and  G  6,  for  they 
are  all  equal,iN  the  JRadiu*.  When  an  angle 
is  less  than  90*,  it  is  called  an  Aoute  oMgUy 
such  as  A  G  B  first  mentioned ;  but  men 
it  exceeds  a  right  angle,  as  A  G  «  doee,  it 
is  said  to  be  Obtuee, 

If,  on  the  same  figure,  we  draw  a  line 
bhy  perpendicular  to  G  B,  toui^ng  the 
drole  at  b  and  the  line  A  G  at  A ;  then 
hb  is  termed  the  Tangeniy  and  AC  the 
iS^oaw/  of  the  angle  A  G  B ;  that  ii,  they 
are  the  tangent  and  the  secant  of  an  angle 
of  40°,  when  Gft  is  the  nidiaa.—8ee 
tangents 

Again ;  if,  from  the  point  a,  we  drsw 
another  line  ai,  also  perpendieoler  to 
G  B,  this  line  (at)  is  termed  the  JIbie  of 
the  same  angle  A  G  B ;  and  the  part  i  by 
rcut  off  from  the  semidiameter  or  radios 
Cb)  is  the  Verted  Sine,  A  stra%ht  Une 
a  b  drawn  from  a  to  6  is  called  the  Ckerd 
of  the  arc  am  b.  It  is  the  oord  or  tiring 
of  the  bow  (the  Latin  aroue).  These 
lines  are  the  tiney  tangenty  &o.  of  the 
arc  or  angle  of  the  drde  here  represented ; 
but  were  it  increased  ever  so  much,  the 
number  of  degrees  would  still  be  the 
same,  though  larger,  and  the  lengths  of 
the  sine,  tangent,  &c,  would  bear  the 
same  proportion  to  the  new  radius  as  they 
now  do  to  C  B. 

ANGLES  of  INGIDENGB,  REFLEX- 

ION,  and  REFRACTION See  H^/tex^ 

ion  and  Refractive  Power, 

of  DRAUGHT.    When  a  power 

is  applied  to  drag  or  roll  a  body  orer  a 
plane  surface,  it  has  to  overcome  two  ob- 
stacles t  one  is  the  friction  of  the  surface 
over  which  the  body  slides  or  rolls  f  and 
the  other  is  the  weight  of  the  body  itself. 
There  is,  in  every  case,  a  certain  diree- 
tion  of  the  drawing  power  which  ds  best 
adapted  to  overcome  these  conjoined  ob- 
stacles ;  and  the  angle  made  by  the  lino 
of  direction  with  a  line  upon  the  plane 
over  which  the  body  is  drawn,  and  per- 
pendicular to  that  line  of  direction,  is 
termed  the  Angle  of  Draught.  Galea- 
lations  on  this  subject  may  be  seen  at 
pp.  19>-26  of  Meehaniesy  Treatise  iii. 

ANHYDROUS.— See  Hgdrate. 

APEX.->See  Cone, 

APOPHYLLITE,orFISH.BYB^TONB, 
is  a  scarce  mineral,  having  a  pearly  lustre^ 
like  to  the  spedes  of  feldspar  celled  mooo- 
itone.    Its  orystals  are  varioaa,  and  often 
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teHellated  with  thick  tubles  irregularly 
piled  and  grown  together.  It  has  a  white 
milky  colour,  but  in  its  divided  portions 
it  is  usually  transparent  This  mineral 
is  found  in  the  iron  rain&i  of  Uto,  in 
Sudermania,  a  province  of  Sweden. 

AQUEOUS  VAPOUR  (Latin  aqua,  water) 
is  the  vapour  of  water. — See  Fapot*r, 

ARC  OF  A  CIRCLE.— See  Ang/e, 

ASYMPTOTES  OF  AN  HYPERBOLA. 
See  Conic  Seciions. 

atmosphere:  (Oreek  atmos,  vapour, 
and  iphaira,  a  globe)  is  that  sphere  of  air 
which  surrounds  and  includes  the  earth, 
and  is  the  common  receptacle  of  all  its 
vapours  and  exhalations.  Its  height, 
laken  as  that  to  which  the  vapours  are 
supposed  to  ascend,  or  that  where  the  rays 
of  light  cease  to  be  reflected,  is  generally 
understood  to  be  between  forty  and  fifty 
miles. 

ATMOSPHERE,  PRESSURE  AND 
WEIGHT  OF.  The  atmosphere,  like 
other  bodies,  gravitates  towards  the  earth. 
It  has  consequently  weight  and  presaure. 
The  pressure  upon  every  square  inch  of 
the  earth*s  surface  is  equal  to  the  weight 
of  a  column  of  the  whole  height  of  the 
atmosphere,  an  inch  square.  This  weight 
▼aries  with  the  elevation  of  the  ground 
and  the  fluctuating  density  of  the  air ; 
but  it  is  found,  at  an  average,  at  the  level 
of  the  sea,  to  be  about  fifteen  pounds ; 
and,  as  fluids  press  equally  in  all  direc« 
tions,  according  to  their  heights,  the 
same  pressure  is  exerted  on  tne  square 
inch  of  the  surface  of  every  body,  on 
this  globe,  to  which  the  atmosphere  has 


ATMOSPHERES,  ONE,TWO,THREE, 

&o.  The  elasticity  of  air  increases  with 
ita  condensation ;  and,  tbe  ordinary  pres- 
mre  being  fifteen  pounds  on  the  square 
inch,  a  condensation  which  produces  a 
pressure  of  thirty  pounds  on  the  inch  is 
tarmed  two  utmoipfure$  f  that  which 
gives  forty-five  pounds  pressure  is  three 
atmospheres,  and  m  on.  Pressures  arising 
ftmn  other  causes,  such  as  the  weight  of 
liquids  and  the  force  of  steam,  are  also 
frequently  counted  by  atmospheres. 

ATTRACTION  (from  the  Latin  attra-- 
A#rif,  to  draw  to)  is  a  name  given  to  that 
tendency  which  bodies  have  to  approach 
one  another,  when  no  obvious  cause  is 
recognised.  It  differs  from  gravity  in 
being  a  more  general  term ;  gravity  is  a 
tpedes  of  attraction.-^ee  Gravity. 

CAPILLARY.— See  Ca- 

pkUary  Attraetion. 

CHEMICAL.-^See  Che. 

mieai  Attraetion. 

of  COHESION.— See  Co- 


he»i«m. 
AXIS  OF  AN  ELLIPSIS,  PARABORA, 

Slc. — See  Conic  SeoHant. 
AXIS  OF  REFRACTION.— See  Rafrae- 

live  Power. 


AXIS  OF  A  CONE.— See  Cofte, 

BALANCE  is  a  lever,  turning  on  a  phot 
or  fulerum^  constructed  for  the  purpose 
of  finding  the  weight  of  different  bodies. 
The  lever,  or  rod,  of  a  balance  is  termed 
the  6eam,  and  the  parts  of  the  beam  on 
each  side  of  the  pivot  on  which  it  turns 
are  its  armt.  When  those  arms  are  equal, 
it  is  the  common  balance  ;  and  its  ends, 
to  which  the  body  to  be  weighed  and  its 
equivalent  counterpoise  are  hung,  are 
called  the  pointi  qf  ewpennon.  Other 
kinds  of  balances,  as  the  Roman  balance^ 
or  Ktee/gard^  the  Daniah  balance^  &c 
are  described  in  Meohanioij  Treatise  ii. 
chap.  V. 

BAROMETER  (Oreek  baros^  weight),  an 
instrument  for  measuring  the  varying 
weight  of  the  atmosphere.  It  is  parti- 
cularly described  at  pp.  (J — 14  of  the 
Treatise  on  Pneumatics.  The  vacant 
space  at  the  top  of  the  tube  is  called  the 
TorrioeUian  vacuum^  from  Torrioelli^  the 
inventor  of  the  instrument. 

BERYL.— See  Emeraid, 

BODY  is  any  determinate  part  of  matter. 

BOILING  is  that  rolling,  bubbling  appear- 
ance which  water  and  some  wther  liquids 
assume,  when  they  are  converted,  by 
means  of  heat,  into  steam  or  vapour.  It 
is  also  termed  EbuHition, 

BOILING-POINT.  When  a  thermometer 
is  immersed  in  any  particular  fluid  that 
is  in  a  state  of  ebullition,  the  point  of  the 
scale  of  the  thermometer  which  marks 
the  measure  of  heat,  in  that  boiling  fluid, 
is  its  boiling^oint.  This  point  varies 
with  the  nature  of  the  fluid  and  the 
pressure  of  the  air  under  which  it  boils  ; 
but  the  boiling-point  of  a  fluid,  generally 
speaking,  is  that  degree  at  which  ebulli- 
tum  is  produced  under  the  medium  weight 
of  the  atmosphere. 

BURNING-QLA^^S  is  a  glass  lens  which 
refracts  the  rays  of  the  sun  into  a  focus. 
The  solar  rays  may  be  also  brought  to  a 
focus  by  reflexion  from  a  concave  mirror, 
then  called  a  burning  mirror. 

CAIRNGORM,  a  species  of  quartz. — See 
QuartM. 

CALCAREOUS  SPAR  is  a  crystallized 
earbofMte  qf  lime.  One  of  the  purest 
varieties  has  the  name  of  Iceland  tpar^ 
though  it  is  not  peculiar  to  that  island. 

CALORIC  f  Latin  ca/or,  heat)  is  an  ima- 
ginary fluid  substance  supposed  to  be  dif- 
fused through  all  bodies  ;  and  the  sen- 
sible  effect  of  which  is  termed  heat.  With 
chemists,  caloric  is,  properly,  the  matter 
pn>ducing  the  sensation,  and  heat  the 
sensation  itself.  The  terms,  however, 
are  often  confounded,  the  word  heat  being 
used  both  for  the  cause  and  the  effect. 
Caloric  produces  other  effects  besides  the 
sensation,  namely,  the  expansion,  rare- 
faction, and  liquefaction  of  bodies. 

CONDUCTORS  OF.-    " 

duct4>r*qfC 
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CALORIC,  LATENT,  is  that  portion  ofthe 
fluid  matter  of  heat  which  exiits  in  any 
bodj  without  producing  any  eflfiect  upon 
another  $  what  produces  an  effect  being 
termed  freB  or  tentible  Cahrio. 

— — SPECIFIC.  Although  all  bodies 
possess  some  quantity  of  Caloric  which  is 
iainU^  yet  the  quantity  in  each  Taries 
with  the  nature  of  the  body.  The  rela- 
tive proportion  that  any  body  retains 
without  the  effects  being  sensible,  is 
termed  the  Speeifie  Cahrie  of  that  bod^ ; 
and  its  power  of  retention  is  called  its 
Capacity  for  Caloric, 

CALORIFIC  RAYS  are  those  rays  or 
emissions  from  the  sun,  or  any  burning 
boAy,  which  impart  Uie  sensation  and 
other  effects  of  heat. 

CAPACITY  FOR  HEAT.-JSee  Caloric, 

CAPnjiARY  TUBE.  A  hair  (Latin  oa. 
villw)  is  a  tube ;  and  hence  tubes,  which 
are  so  small  as  to  be  likened  to  hairs,  are 
termed  CapiUary  Tube*, 

ATTRACTION.      If  an 

open  capillary  tube  be  placed  upright, 
with  its  lower  end  immersed  in  a  vessel 
of  water,  the  liquid  will  rise  in  the  tube, 
to  a  greater  lieight  than  the  surface  of 
that  which  surrounds  it.  Tliis  is  not  in 
conformity  with  the  commonly  observed 
laws  of  the  ascent  of  fluids ;  and,  there- 
fore, the  cause  of  the  phenomenon  is  de- 
nominated Capillary  AtlraeHon 

CATOPTRICS,  that  part  ofthe  science  of 
optics  which  treats  of  the  Reflexion  of 
Light. 

CENTIGRADE  THERMOMETER.  — 
See  Thermometer. 

CENTRE  OF  GRAVITY See  Gravity, 

OF  GYRATION.-See   Gyra^ 

tion. 


euiston. 


OF  PERCUSSION.— See  Per. 

OF  PRESSURE.— See  Pressure, 

CENTRIFUGAL  FORCE  is  that  by 
which  the  parts  of  a  body  moving  round 
a  centre  endeavour  to  recede  from  that 
centre.  Thus,  if  a  stone  be  tied  to  one 
end  of  a  string,  and  swung  round  in  a 
circle  while  the  other  end  of  the  string  is 
held  by  the  hand,  as  the  centre  of  motion, 
the  stone  will  be  felt  pulling  the  hand  as 
if  endeavouring  to  escape ;  and,  in  fact, 
if  allowed,  would  flv  off  in  a  tangent  to 
the  circle  in  which  it  moves.  It  is  thus 
that  a  stone  is  projected  from  a  sling. 

CHEMICAL  COMBINATION  is  that 
intimate  union  of  two  substances,  whe- 
ther fluid  or  solid,  which  forms  a  com- 
pound differing  in  one  or  more  of  its 
essential  qualities  from  either  of  the  con- 
stituent bodies. 

CHORD  OF  AN  ARC— See  Angle. 

CHROMATICS  (from  the  Greek  chroma, 
colour)  is  that  division  of  the  science  of 
Optics  which    treats  of  the  colours  of 


light,  their  several  propertiet,  and  the 
laws  by  which  they  are  separated. 

CHROMATIC  VERNIER.— See  Vtrruer, 

CIRCLE  OF  GYRATION.— See  Gyra. 
Hen, 

CIRCUMFERENCE— See  PerimHer, 

COHESION  (Latin  coharmrc,  to  stick  to- 
gether) is  that  relation  among  the  com- 
ponent partidas  of  a  body,  by  whidi  they 
are  found  to  ding  u^gether,  requiring 
more  or  less  effort  to  force  them  asunder. 

ATTRACTION  OF,  is  a 

name  given  to  the  unknown  prindple 
which  makes  the  partides  of  a  body  cohere, 
or  stick  ti^ther. 

COLOUR  is  a  general  name  for  those  mo- 
difications of  Light  (whether  direct  or 
reflected  from  other  bodies)  by  which  it 
is  distinguished  into  species  that  affect 
the  eye  with  separate  sensations.  The 
colour  of  a  body  is  designated  by  the  spe- 
des  of  light  which  is  reflected  from  its 
surface. 

COLOURS,  ACCIDENTAL.— See  JecU 
dental  Colours 

PRIMARY.     These  are  red, 

orange,  yellow,  green,  blue,  indigo,  and 
violet,  being  the  seven  different  ookwrs 
into  which  a  solar  ray  of  light,  ^hich  is 
white,  may  be  decomposed  or  separated. 
White  is,  therefore,  a  compound  of  those 
seven,  and  black  is  the  absence  of  all 
colours. — See  Prismatic  Spectrum. 

COMBINATION  OF  BODIE&  — See 
Chemical  Combination, 

COMMENSURABLE.— «ee  RaHo. 

COMPOSITION  OF  FORCES.  — See 
Porcci,  Competition  of, 

COMPRESSIBILITY  is  that  quaUty  of  a 
substance,  whether  solid  or  fluid,  which 
allows  it  to  be  pressed,  or  rather  soueend, 
into  a  less  bulk  than  it  naturally  occu- 
pies. The  ultimate  partides  of  all  bodies 
are  supposed  to  be  incompressible.— See 
Hardnesi. 

CONCAVE  MIRRORS— See  Mirror. 

LENSE&— See  Lent. 

CONDENSATION  U  causing  a  mass  of 
matter  to  occupy  less  space  by  means  of 
the  closer  approach  of  its  partides.  When 
this  is  done  by  outward  force,  it  is  com. 
pression.  The  term  is  commonly  used 
with  regard  to  atr,  gas,  and  vapours. 
The  two  former  are  condensed,  and  thdr 
elastidty  increased  by  compreesion ;  and 
the  latter  are  condensed  into  liquids  and 
solids  by  cold 

CONDUCTORS  OF  CALORIC,  OR  OP 
HEAT,  are  bodies  which,  when  heated 
in  one  part,  communicate  the  effects  to 
the  other  parts.  This  is  the  ease  with 
most  natural  bodies,  but  some  have  that 
power  in  a  much  greater  degsee  than 
others :  thus  a  rod  of  dry  wood  may  he 
burned  at  one  end,  while  the  other  end 
shall  be  little  affected. 

CONE.    A  cone  is  a  solid  with  a  drcolir 
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base,  and  tapering  equally  upwards  until 
it  terminates  in  a  point.  Were  the  base 
a  rigfat-lined  figure,  the  solid  would  be 
called  a  Pyramid  ;  and,  in  either  case,  all 
lines  drawn  from  the  Periphery^or  boimd- 
ing  line  of  the  base,  to  the  top,  (which  is 
termed  the  Apex  or  Vertex,)  are  straight 
lines. 

The  surface  of  a  cone  may  be  conceired 


as  formed  by  the  angular  motion  of  a 
straight  line,  one  end  of  which  moves 
along  the  Cireun\ferenoey  or  outline  of  the 
circular  base,  while  the  other  end  con- 
tinues either  to  touch,  or  to  pass  through 
a  fixed  point  above  that  base.  The  foU 
lowing  explanation  is  applicable  to  each 
of  the  annexed  figures  to- 
Let  the  straij^t  line  A  B  {fy.  2.)  bo 


so  placed  at  to  rise  above  the  drde  B  a 
D6,  which  it  touches  at  B.  Let  the 
end,  B,  of  this  line  be  moved  along  the 
whole  of  (he  circumference  B  a  D  6,  while 
the  same  line  always  touches  the  fixed 
point  G.  The  line  G  B  will  then  have 
marked  out  the  surface  of  a  cone  G  B  D, 
similar  to  the  paper  cones  in  the  grocer*s 
shops.  While  the  line  GB  has  thus 
traced  the  cone  C  B  D,  the  other  portion 
of  the  line,  G  A,  will  have  described  an 
inverted  cone  AGE,  with  its  circular  top 
"EeAd,  These  opposite  cones  are  similar, 
having  the  angles  EGA  and  B  G  D,  at 
the  common  apex  G,  equal.  Had  the 
line  A  B  been  unequally  divided  at  G, 
the  two  cones  would  have  still  been  simi. 
lar,  but  not  equal.  A  right  line,  Co^ 
drawn  from  the  vertex  G  to  the  centre  of 
the  base  o,  is  termed  the  ttxis  of  the  cone. 
When  this  axis  is  at  right  angles  to  the 
base,  the  solid  is  termed  a  Hight  eone ; 
otherwise,  as  in  the  right-hand  fiigure,  it 
is  an  Obiiquey  or  Scalene  cane.  In  the 
former  case,  the  sides  G  B  and  G  D  are  of 
equal  length ;  in  the  latter,  they  are  un- 
equal. 

CONGELATION  is  that  state  of  certain 
fluids  in  which  they  thicken  and  become 
partially  or  wholly  solid.  Thus  water, 
at  a  certain  temperature,  is  converted 
into  ice,  and  the  skins  of  animals,  when 
dissolved  in  water  by  boiling,  congeal  in 
oooling,  and  become  glue. 

CONIG  SECTIONS.  Sections  are  r«#- 
Hngs  s  and  Conic  Sections  is  a  name  for 
that  science  which  treats  of  the  proper- 
ties of  certain  currei  that  are  formed  by 


the  cutting  of  a  cone.  If  a  cone  be  cut 
by  a  plane  parallel  to  the  base,  the  section 
(or  flat  surface  of  the  cut)  will  be  a  circle; 
and  if  it  be  cut  by  a  plane  passing  through 
the  vertex,  the  section  will  be  a  triangle. 
But  neither  the  circle  nor  the  trian^ 
are  treated  of,  under  the  head  of  Conic 
Sections;  because  they  belong  to  ordi- 
nary Geometry.  There  are,  however, 
three  other  sections, — the  Ellipsis,  tlae 
Parabola,  and  the  Hyperbola. 

I.  I.  If  the  cone   {Jig.  3.)  be  cat  by  a 
plane  which   passes  through  both  the 
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sides  A  B  and  A  C,  the  outline  of  tho 
section  will  be  an  ellipsis.  Or,  if  it  bo 
cut  in  the  direction  ed,  which  cots  tho 
boso,  it  will  still  be  a  portion  of  an  ellip- 
sis ;  because  this  piano  would  meet  tho 
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■Ida  A  B  at  D,  war 

die  downwanl*,  and  tha  aHipsii  vonld 

ba  DDinpletsd  u  Id  tha  dotted  part  of  tha 

flgore. 

3.  U  the  acmt  (Jig.  4.)  be  eat  bi 
ab,  par^lel  to  ooe  of  tho  iildei  / 
midfue  of  tbe  Fig.  4. 


tbTBpl 
»AB, 


tended  ;  beisuw,  tha  plane  being  paTallel 
to  A  B,  will  alivayii  cut  the  diameter  of  tha 
hue  at  an  equal  diiiance  from  the  aide. 
3.  IfthecooeABC  Fig.  S. 

C;Sj.5.)Wculby.  

plane  a^  which,  if  D| 
extended ,  would  cu  t 
the    opporite    cone 
A  D  E  in  0,  paiaing 
through  to   d,    the 

cones  will  exhibit 
curvet  expanding 
ci.ntinuall;r,  like  the 
parabola,  but  with 
differenl  propertira. 
They  are  tanned 
HypertHilas. 

II.  The  diHlor- 
tiun  between  thoae 


>c,    ndependently  of  tbe 
n  elliptis,  of  vhich  (he 


-< 

P\ 

1    y 

"/ 

"   J 

^^<^ 

~^"        ^T 

^ 

ace  both  aqnalTy  dl  — 
aod  cat  tha  elUpaia  ii 
aimilar  portioiu  i  they  an  alao  tarmad  tha 
freatfrand  thelciwrifn.AnyotlwrllDe 
(at  f  f }  which  paitea  through  the  centra 
C  and  tenninacaa  in  oppeaita  poiola  of 
the  ctrcumfereDce,  i>  aJao  aaid  (a  ba  a 
dimKMmr.  The  two  poiou,  g  and  4,  In 
the  traniierae  diameter,  equally  diatant 
from  it)  enda,  A  and  B,  are  oilled  tlie 
P(Nn,eacbbeingaJ'oiiiU(and  theaepoiati 
•re  ao  altuated,  that,  if  we  take  any  point 
m,  in  the  drcumference  of  tha  elhpaia, 
and  draw  the  linei  in  ^  and  «  A  from  that 
point  to  tha  two  foci,  the  length  of  thaaa 
linca,  when  jmnad  together,  will  alwayi 
be  the  lame,  at  whatever  part  of  the  cir- 
raunferenee  the  point  m  may  be  taken. 
Any  line,  nop,  drawn  acrou  the  ellipiii, 
panllel  to  C  D,  i>  a  dmAie  Ordinate,  iti 
half,  pa,or  B  n,  being  called  an  Orrfinati; 
and  the  part  A  o,  which  the  ordinate  cuta 
off  from  the  greater  axis  AB,  ia  an  Ai- 

».  In  the  parabola  (Jg.  7.),  the  Una 
A  B,  which,  passing  through  the  vtrttr 
A,  divide!  the  figure  into  two  equal  and 
aimilar  porclona,  ji  the  asit  of  the  para- 
bola. Any  line  within  the  curve,  drawn 
Crallel  to  the  axia  (aa  wall  aa  tbe  axia 
alf;,  ia  termed  a  ifiam«<er,  and  hat  IM 
vartax,  where  i(  meeta  tha  carra  liiia. 


The  point  F,  in  tbe  axia  A  B,  la  the 
footu  of  the  curve;  and  a  line,  pq,  at 
right  anglea  tn  the  axia  when  produoed 
tar,  (the  poinlt  r  and  F  being  equally 
dtitant  from  the  vertex  A)  it  called  the 
Dirtelrix.  The  focus,  F,  ia  to  aituated, 
that,  if  we  take  any  point,  aa,  of  tbe  pa- 
— "— " and  from  that  point  draw 


right  Ii 


right  line,  m  p,  perpendicnlar  ta  tha  dii> 
reclrii,  and  meeting  it  at  p,  the  two 
linei,  <n  F,  and  m  p,  will  be  alwayt  of 
equal  len^h.  A<  in  the  ellipala,  tay 
ttraight  Ime,  «an,  croaiing  the  axil  at 
right   anglea,  and   terminating   at  both 


tm,  it  Ou  Cenjugalt  iSam*l*r.    Theae 


MO  and  on  a 

.   ahaw    two  oppodta   kj' 
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p«rbolag)  ntch  m  we  oiay  ooneeiyo  to  have 
been  out  from  the  opposite  eonett  r«pre- 
sented  in  /tg.bi  the  line  da  in  both 
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flgores  being  different  views  ef  a  single 
line  in  the  cutting  plane  {  and  the  part 
eft  cut  off  by  the  cones  is  here  repre- 
sented  by  the  line  A  B,  which  joins  the 
vertices  of  the  curves.  Bisecting  A  B  in 
G,  any  right  line  (as  p  q)  drawn  through 
G  (which  is  called  the  centre)^  and  termi- 
nating in  both  curves,  is  a  irantvertg 
diameter^  and  of  all  these  diameters  the 
ojeit  A  B  is  the  shortest. 

Two  points  g  and  h,  in  the  line  of  the 
Asity  equally  distant  from  either  vertex 
of  the  hyperbolas,  are  their  Fod,and  these 
are  so  situated  that,  if  we  take  any 
point  m,  in  either  of  the  curves,  and 
draw  the  straight  lines  m  g  and  m  A,  the 
difference  of  the  lengths  of  those  lines 
will  be  always  equal  to  A  B,  the  shortest 
transverse  diameter.  Again,  as  in  the 
ellipsis  and  parabola,  any  straight  line 
m  o  n,  in  either  hyperbola,  crossing  the 
axis  at  right  angles,  and  terminating  at 
both  ends  in  the  curve,  is  a  double  Ordu 
note  f  mo  and  o n  are  Ordinatet^  and  o  B 
is  the  Abscissu, 

The  conic  sections  have  certain  pro- 
perties in  common,  but  the  hyperbola 
possesses  a  peculiar  one,  which  is  often 
alluded  to,  and  usually  considered  as  pa- 
radoxical: two  right  linos,  rt  and  tUy 
may  be  drawn  through  the  centre  G, 
which  wiU  pass  alongside  of  the  different 
legs  of  the  two  hyperbolas ;  and  although 
continually  approaching  nearer  and 
nearer,  these  curves  and  straight  lines, 
however  mudh  produced,  would  never 
meet  each  other.  These  lines  are  called 
the  Asympioiet.  The  opposite  hyperbo- 
las, here  described,  fill  two  angles  of  the 
cross  formed  by  these  asymptotes :  and 
the  two  blank  angles  might  be  filled  with 
two  other  hypeHmaa,  of  whldi  y  m  would 


be  the  axis  <  and  the  same  lines,  rs  and 
/«,  would  also  be  asymptotes  to  the  new 
curves.  In  such  a  case  each  opposite 
pair  would  be  Conjugate  kffptrhoku  to 
the  other,  and  the  shortest  Trantterae 
diameter  of  the  one  pair  would  be  the 
Conjugate  diameter  of  the  other.  A  very 
curious  account  of  coloured  rings,  crossed 
by  opposite  hyberbolic  curves,  is  given  at 
pp.  24,  26,  of  the  Treatise  on  the  Pola^ 
ritatien  qf  Light. 

It  will  be  observed,  that  in  every  oonic 
section,  we  have  pointed  out  two  h'nes, 
at  right  angles  to  each  other,  called  the 
Ordinate  9inA  the  Abseiua,  At  whatever 
point  of  the  axis  (in  the  same  sort  of 
ourve^  the  ordinate  may  be  drawn,  these 
two  hnes  will  have  always  the  same  rela- 
tion to  one  another ;  and  the  algebraic 
expression  which  points  out  that  relation, 
in  each  figure  respectively,  is  termed  the 
Squaiion  qf  that  curve.  From  any  one 
general  property  of  a  curve,  all  iu  other 
properties  may  be  ascertained  ;  and  the 
reasoning  that  enables  us  to  do  so,  in  the 
Ellipeit,  the  Parabola^  and  the  Hgper^ 
bola^  constitutes  the  whole  of  the  doctrine 
of  Conio  Seetumt. 
GONJUOATE  DIAMETERS.— See  Co- 

nie  Sections. 
CONJUGATE  HYPERBOLAS.  —  See 

Conic  Sections. 
CONOID.    A  conoid  is  a  solid  which  may 
be  conceived  as  generated  by  the  motion 
of  a  parabola  or  of  a  hyperbola  round  its 
axis.     Some  have  included  the  spheroid 
iu  the  class  of  conoids,  but  they  are  more 
usually    limited  to  the  Paraboloid  and 
the  Hgperboioid, — See  Spheroid,  Conoids 
are  of  various  thicknesses  in  comparison 
with  their  height,  according  to  the  pro 
portions  of  the  parabola,  or  hyperbola, 
by  which  they    are   generated.       The 
Solid  of  least  resistance,  spoken  of  at 
page  22  of  the  Preliminary  Treatise,  is  a 
Conoid. 
GONVEROINO  RAYS  are  rays  of  light, 
the  direction  of  which  is  such  that  Uiey 
will  meet  or  cross  one  another  at,  or  near 
to,  a  common  centre.      Their  divergence 
from  that  centre  is  termed  their  aberra. 
tUnu — See  Aberration. 
CONVEX  LENSES— See  Lens. 

MIRRORS— See  Mirror. 

CORUNDUM,  or  CORINDON,  a  stone 
found  in  India  and  China,  which,  when 
crystaUised,  has  usually  the  form  of  a 
six^ided  prism.  The  diamond  was  for- 
merly called  Adamant;  and  the  crys- 
tals of  corundum,  being  nest  in  hardness, 
have  the  name  of  Adamantine  Spar,  The 
Amethyst,  il«6y ,  Sapphire,  and  Topats  are 
considered  as  varieties  of  this  spar,  differ- 
ing from  one  another  chiefly  in  colour. 
The  amethyst  is  of  a  reddish  violet  co- 
kmr ;  the  ruby  is  red ;  the  eapMre  it 
blue,  and  the  opem  is  yeUow.  Those  m 
leniied  ertemidl  gems ;  bat  tUmef  hsviiif 


8 


EXPLANATION  OF  SCIENTIFIC  TERMS. 


the  Mme  nunet  are  found  in  other  coon- 
tries.  TVypoMf,  in  particaler,  ue  of  all 
ooloiirs. — See  QuartM, 

CRYSTALLIZATION  is  that  sUteofoer. 
tain  bodies  in  which,  when  passing  from 
the  fluid  to  the  solid  form,  they  separate 
into  portions,  each  portion  (or  erytkU) 
assuming  the  same  determinate  and  an- 
gular shape.  It  is  a  species  of  congela- 
tion, but  this  last  does  not  necessarily  in- 
clude the  idea  of  separate  crystals.  Ice 
was  called  crystal  {cryntallot^  by  the 
Greeks.  An  account  of  certain  crystals 
will  be  found  under  their  several  names 
in  this  Glossary ;  but  to  hare  included  all 
that  are  mentioned  in  the  rolume,  would 
have  been  to  have  written  a  work  on 
Crystallization. 

GUBIZITE.-— See  Analchne, 

CURVATURE.— Sec  Curve. 

CURVE.  A  straight  (or  ttreiehed)  line  is 
the  measure  of  the  shortest  distance  be- 
tween two  points.  A  curve  or  curved  line 
is  that  of  which  no  portion,  however 
small,  is  straight.  A  crooked  line  may 
be  either  a  curved  line  or  the  junction  of 
two  or  more  straight  lines  drawn  in  dif. 
ferent  directions.  The  varieties  of  curve 
lines  are  innumerable ;  that  is,  they  have 
different  degrees  of  6em/in^  or  curva- 
ture. The  curves  most  generally  re- 
ferred to,  beside  the  circle,  are  the  EUip^ 
m,  the  Parabola^  and  Hyperbola^  to 
which  we  may  add  the  CyeUnd. 

CURVES,  Evolutet  and  Involute*  of.  Let 
a  thread  be    wound   round    the   curve 

Fig,  9. 


<»  B  A,  fixing  one  end  at  C,  and  carrvMig 
the  other  round  to  A.  If  we  unwind'this 
thread,  keeping  it  tight  upon  the  con. 
vexity  of  the  curve,  its  end  A  will  de- 
scribe another  curve  A  D  £,  passing  fur- 
ther and  further  from  the  former  curve 
C  B  A,  ad  the  string  gradually  lengthens, 
until  it  reaches  the  point  C,  where  it  is 
suppoAed  to  be  fixed.  If  carried  further 
on  to  F,  the  leng^th  of  the  thread  would 
continue  the  same,  and  the  arch  E  F 
would  be  part  of  a  circle.  The  primary 
curve  CBA,  that  round  which  the 
thread  was  wound,  is  called  the  Evolule^ 
and  the  secondary  curve  A  D  E,  formed 
by    the    unrolh'ng  of  the  thread  (now 


•tretcbed  out  in  the  line  C  E)  if  termed 
the  Involute,  The  thread,  during  the 
progress  of  unwinding,  is,  at  every  point, 
a  tangent  to  the  Evolute ;  thus,  at  the 
point  D,  it  is  a  tangent*  to  C  B  A  at  B. 
The  Involute  qf  a  Circle  is  described, 
with  its* use,  in  Alechanics,  Treatise  it. 
page  29.    It  is  a  spiral. — See  SpiraL 

CURVES,  EQUATION  OF.— See  Coitto 
Se^mu. 

CURVILINEAL,  or  CURVILINEAR, 
designates  figures  that  are  bounded  by 
curve  lines.  Thus  a  Curvilinear  sur- 
face is  that  which  can  be  touched  by  a 
plane  only  in  one  point. — See  Tangential 
Plane.  A  cone  and  a  cylinder  are  ricfat- 
lined  surfaces  in  the  direction  of  their 
length.  A  sphere  and  a  spheroid  are 
wholly  curvilinear. 

CYCLOID.  If  we  conceive  the  dide 
b  n  a  c  dto  roll  along  the  line  A  B ;  the 

S»int  a  bdng  first  at  A,  and  ending  at 
,  this  point  (a)  will  describe,  or  pass 
through  the  curved  line  A  h  p  ak3^ 
which  curve  is  termed  a  Cycloid.  Seeing 
that  the  drde  rolls  over  the  whole  Une, 
it  is  obvious  that  the  length  A  B  is  equal 
to  its  drcumferonce,  and  the  general 
properties  of  the  curve  are  these :  that 
taking  any  point  h  and  drawing  the  line 
h(f  (parallel  to  the  line  on  which  the 
drde  rolls)  to  meet  the  drde,  when  in 
the  middle  of  its  motion,  at  p ;  and  join- 
>i^  ff  A)  the  line  hgn  always  equal  in 
length  to  the  circular  arc gn  a;  and  the 
portion  of  the  cycloidal  arc  hp  ais  always 
double  the  length  of  the  chord  g  a. 
Further,  the  area  of  the  whole  cydoidal 
space  AB  k  a  p  hia  equal  to  thrice  that 
of  the  cirde  ^  n  a  c  ^,  by  which  it  is 
formed. — See  Preliminary  Treatise,  p.  21 

Fig.  10. 


CYLINDER.  A  cylinder  is  a  solid  having 
a  circular  base,  and  which  base  may  be 
considered  as  carried  upwards  in  a  straight 
line,  and  continuing  the  drde  in  a  pa- 
rallel direction.  It  is  a  drcular  prism,  as 
a  cone  is  a  circular  pyramid.  When  the 
base  is  elliptical,  it  is  a  Cylindroid.  When 
the  sides  are  perpendicular  to  the  base,  it 
is  a  Right  cylinder  or  cylindroid  ;  other- 
wise it  is  an  O  blique  one. 

D'ALEMBERT'S  PRINCIPLE.  —  See 
Principle  D'AlemberVs, 

DEAD  LEVEL See  Level. 

DEGREES  AND  MINUTES.  —  See 
Angle. 

DENSITY  (Latin  densitas,  doseness)  is 
a  relative  term,  and  denotes  the  com- 
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parative  quantity  of  matter,  in  different 
bodicsi  which  is  contained  in  the  same 
iipace.  {^ee  Fotume,)  Oravity  is  under- 
stood to  act  in  proportion  to  the  relative 
quantity  of  the  matter  of  bodies ;  and, 
hence,  the  specific  gravities  of  bodies  are 
presumed  to  be  the  measure  of  their 
densities. — See  Gravity. 

DE.OXVDATION  is  the  depriving  a  sub- 
stance  of  the  oxygen,  or  vital  air  which  it 
contains.  Ckmceming  the  de- oxidating 
power  of  the  solar  rays,  see  Op/tc«,  p.  29. 

DIAMETERS,  TRANSVERSE  AND 
CONJUGATE.— See  Conic  Sections. 

DIGESTER,  a  strong  vessel  of  iron,  or 
other  metal,  having  a  screwed-down  and 
air-tight  lid,  into  which  substances,  either 
fluid  or  solid,  are  inclosed,  and  are  therein 
submitted  to  a  much  higher  degree  of 
heat  than  they  could  be  subjected  to  in 
the  open  air. 

DIOPTRICS  is  that  division  of  the  science 
of  Optics  which  treats  of  the  Refraction 
qf  Light. 

DIRECT  PROPORTION,  or  DIRECT 
RATIO.— See  Ratio. 

DIRECTION,  LINE  OF.— See  Force^ 
Direction  of. 

DIRECTRIX  OF  A  PARABOLA.— See 
Conie  Sectiont. 

DISTILLATION  is  a  process  by  which  a 
fluid,  or  portion  of  a  fluid,  is  converted 
into  vapour  by  means  of  heat,  and  that 
rapour  returned  into  a  state  of  fluidity 
by  cold,  or,  as  the  chemists  say,  by  the 
abstraction  of  caloric.  Distillation  is 
Evaporation^  that  is,  raising  a  fluid  to  the 
state  of  vapour,  but  the  latter  term  does 
not  include  the  idea  of  preserving  that 
vapour  and  condensing  it  again  into  a 
fluid — See  Vapour. 

DIVERGING  RAYS  are  the  opposite  of 
Converging  (which  see.)  They  separate 
in  their  progress  further  and  further 
asunder,  as  the  radii  of  a  circle  do  from 
its  centre 

DODECAHEDRON.— See  Rhombus, 

DOUBLE  REFRACTION.— See  Re/roe- 
tion. 

DYNAMICS  (Greek  dgnamU,  force)  ii 
that  division  of  the  science  of  mechanics 
which  considers  bodies  as  acted  upon  by 
forces  which  are  not  in  equiiibrio.  It 
therefore  treats  of  bodies  in  motion.— 
See  Equilibrium, 

EBULLITION.— See  BoUing. 

ELASTICITY  (from  a  Greek  word  signi- 
fyinff  to  push,  or  drive  back)  is  that 
quahty  of  a  stibstance,  whether  solid  or 
fluid,  by  which,  when  compressed,  or 
when  forcibly  expanded,  it  endeavours,  in 
either  case,  to  re-assume  its  former  bulk. 

ELASTIC  FLUIDS.— See  Fluids,  and 
Gas. 

ELLIPSIS. — See  Con«,  and  Conic  Sections, 

ELLIPSOID.— See  Conoid^  and  Spheroid, 

EMERALD.  The  emerald  is  ranked 
among  the  gems,  and  is  now  found  only 


in  Peru.  It  is  of  a  green  colour,  rather 
harder  than  quartz,  and  always  in  crys- 
tals, which  are  translucent  and  generally 
transparent.  What  is  called  Oriental 
emerald  is  a  green  sapphire.  The  Bergl 
is  a  variety  of  the  emerald,  of  a  paler 
green,  frequently  passing  into  blue,  and 
is  much  less  priased.  It  is  found  in  va- 
rious countries,  sometimes  in  Scotland. 
The  Emerald  of  Brazil  is  a  Tourmaline^ 
which  see. 

EMPIRICAL  (Greek  en  saidpeirao,  I  try) 
designates  any  assertion  or  act  which  is 
made  or  done,  merely  as  an  experiment, 
without  any  past  experience  or  known 
principle  to  direct  the  choice. 

EQUATION  OF  A  CURVE.-See  C<mio 
Sections. 

EQUILIBRIUM.  When  two  or  more 
forces,  acting  upon  a  body,  are  so  opposed 
to  eadi  other  that  the  body  remains  at 
rest,  although  either  would  have  moved 
it  if  acting  alone,  those  forces  are  said  to 
be  in  equilibria,  which  is  a  Latin  term 
signifying  equally  balanced, 

ETHER.— See  Air,  ethereal. 

EVAPORATION;  the  state  or  action  of 
a  fluid  when  its  particles  are  so  far  sepa* 
rated  by  caloric  as  to  assume  the  form  of 
vapour.  Evaporation,  or  (as  it  is  some- 
times called)  vaporization^  is  often,  but 
not  always,  preceded  by  ebullition. — See 
Boiling  and  Vapour. 

EVOLUTE  OF  A  CURVE^See  Curves. 

EXHAUSTED  RECEIVER.  —  See  Fa- 
cuum. 

EXPANSIBILITY  is  that  property  of  a 
substance  which  renders  it  capable,  under 
certain  circumstances,  of  occupying  more 
space  than  it  usually  requires.  The  g^nd 
agent  in  the  expansion  of  bodies  is  ca- 
loric. 

FAHRENHEIT'S  THERMOMETER  is 
that  arrangement  of  the  scale  of  the  in- 
strument, in  which  the  space  between  the 
freezing  and  the  boiling  points  of  water, 
under  a  medium  pressure  of  the  atmo- 
sphere, is  divided  into  180  parts,  or  de- 
grees: the  freezing  being  marked  32" 
and  the  boiling  212*^.  This  scale  was 
adopted  by  Fahrenheit,  because  he  sup- 
posed, erroneously,  that  32  of  those  divi- 
sions below  the  freezing-point  of  water 
(which  was  therefore  (0)  on  his  scale) 
was  the  zero,  or  greatest  degree  of  oold.^ 
See  Thermometer, 

FELDSPAR  is,  next  to  quartz,  the  most 
abundant  stone  that  exists ;  being  a  con- 
stituent in  granite  and  other  rodks.  It 
scratches  glass,  and  gives  out  sparks  with 
steel ;  but  all  its  varieties  are  inferior  to 
quartz  in  hardness.  The  transparent  la^ 
min»  of  its  crystals  have  a  double  re- 
fraction ;  and  one  of  the  species,  Adularia^ 
or  Moonstone,  exliibits  a  pearly  lustre. 
It  is  the  famous  Petuntse  of  the  Chineaek 
being  the  vitrifying  ingredient  in  their 
porcelain. 
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FIRST,  or  PRIME  MOVER,  in  mecha- 
nics.— See  MaeMns, 

FLUIDITY  (Latin/tttfTf,  to  flow)  ii  that 
state  of  a  substance  in  which  its  consti- 
tuent particles  are  indefinitely  small ;  and 
so  slightly  cohesive,  that  they  are  more- 
able  in  erery  direction,  passing  over  one 
another  with  the  least  impulse.  There 
is  a  partial  fluiditT,  in  which  the  particles 
are  condensed  or  thickened  into  a  coherent 
though  tremulous  mass.  Jellies  are  of 
this  kind,  and  may  be  considered  as  hold- 
ing a  middle  place  between  liquids  and 
soHds. 

FLUIDS  are  substances,  or  rather  masses 
of  particles,  which  have  the  quality  of 
fluidity;  and,  in  consequence,  have  no 
fixed  shape,  but  assume  that  of  the  vessel 
by  which  they  are  contained.  They  are 
usually  divided  into  two  kinds ;  goMtmu 
and  liquid, 

ELASTIC— ^ee  Got. 

NON-ELASTIC— See  lAgtM. 


FLY-WHEEL  is  an  addition  to  certain 
machines,  for  the  purpose  of  equalising 
the  effect  of  the  moving  power.  If  thS 
power  act  irregularly,  there  will  be  mo» 
ments  in  which  it  will  exert  more  force 
than  is  required.  This  excess  is  employed 
in  giving  motion  to  the  Jly'Voheel^  and 
«»ar/of  this  communicated  excess  is  re- 
turned upon  the  machine  when  the  power 
is  too  languid.  In  the  former  case  it  is  a 
retarding,  and  in  the  latter  an  impelling 
power. 

FOCUS.  The  Latin  focus  is  a  hearth  or 
fire-place  ;  and  hence  the  word  has  been 
employed  to  denote  any  point  in  which 
light,  and  consequently  heat,  is  concen- 
trated. In  optics,  it  is  the  point  where 
several  rays  are  collected,  whether  in 
consequence  of  refraction  or  of  reflexion. 
For  the  situation  of  the/oof  of  the  ellipsis, 
parabola,  and  hyperbola,  see  Conic  See- 
tioru. 

FORCE  is  the  name  of  any  exertion  which, 
if  applied  to  a  body,  has  a  tendency  to 
move  that  body  when  at  rest ;  or  to 
affect,  or  to  stop  its  pr(^press,  if  already  in 
motion.  This  is  sometimes  termed  Active 
force^  in  contradiRtinction  to  what  merely 
reiists  or  retards  the  motion  of  another, 
but  is  itself,  apparently,  inactive.  The 
degree  of  resistance  to  any  motion  may  be 
measured  by  the  active  force  required  to 
overcome  that  resistance,  and  hence  wri- 
ters on  mechanics  make  use  of  the  terms 
Resisting  forces  and  Retarding  forces, 

FORCE,  CENTRIFUGAL—See  Centri- 
fugal Force. 

LINE  OF   DIRECTION  OF, 

is  the  straight  line  in  which  any  force 
tends  to  make  a  body  move. 

FORCES,  COMPOSITION  OF.  When 
two  forces  act  on  a  body  in  the  same  line 
ofdirectiony  the  resulting  force  (or  Re- 
sultant, as  it  is  called)  will  be  the  sum  of 
both.    If  they  act  in  opposite  directions, 


the  body  will  remain  at  rest  if  the  Cofces 
be  equal;  or,  if  unequal.  It  will  move 
with  a  force  equivalent  to  their  diffsr- 
enoe,  in  the  direction  of  the  greater.  If 
the  hnee  rfdireetion  make  an  angle  with 
each  odier,  the  resultant  will  be  a  mteau 
force  in  an  intermediate  direction.  Any 
number  of  forces  may  be  thus  reMilved 
into  one  resulting  foroe,  the  eHRset  of 
which  is  the  absolute  motion  i  and  any 
motion  may  be  assumed  to  be  the  result 
either  of  a  single  force,  or  of  a  eombina« 
tion  of  many.  This  is  what  writers  cm 
mechanics  call  the  CompoeiHim  smd  Rteo^ 
lution  of  forces. 
FORCES,  ACCELERATED.— See  Jaoe^ 

Urmtion. 
FREEZING  POINT.*  That  point  in  a 
thermometer  at  which  the  induded  fluid 
stands,  when  the  instrument  is  immersed 
in  another  fluid  that  is  in  the  aut  of 
freecing,  is  the  freeming  point  of  the  lat- 
ter. 
FRICTION  (Latin  fricare,  to  rub)  ii  the 
rubbing  or  grating  of  the  surfaces  ot  bo- 
dies upon  one  another.    In  meehanios,  it 
is  considered  as  one  of  the  eantes  of  the 
hiuderance  or  stopping  of  motion,— •«§  a 
retarding  foree, 
FRIGORIFIC,  having  the  quality  of  pro- 
ducing extreme  cold,  or  of  courerting 
liquids  into  ice : — ^from  the  Latin /rijpia, 
coldnesa 
FULCRUM.— See  Lever^  and  Bakmot, 
FUSIBILITY    (from    the    Latin    J\uus, 
melted  or  poured  out)  is  that  quality  of  a 
solid  which  renders  it  capable  of  being 
brought  to  the  state  of  a  liquid  by  heat. 
FUSION  is  the  state  of  melting,  or  soften. 

ing  into  a  liquid. 
GAS  is  an  old  Teutonic  word,  equivalent  to 
the  Greek  pneuma,  air,  or  spirit,  and  ha« 
been  adopted  by  the  modem  chemists  to 
denote  permanent  aeriform  (or  airlike) 
fluids  generally,  for  the  purpose  of  dis- 
tinguishing them  more  clearly  from  com- 
mon air,  which  is  a  mixture  of  two  spe- 
cies of  gat.  Gases  are  distinguished  from 
liquids  by  the  name  of  Elastic  fluids; 
while  liquids  are  termed  non-e/astie,  be* 
cause  they  have,  comparatively,  no  elas- 
ticity. But  the  most  prominent  distinc- 
tion is  the  following : — liquids  are  com- 
pressible to  a  certain  degree,  and  exoand 
into  their  former  state  when  the  pre;  sure 
is  removed  ;  and  in  so  far,  they  are' «la«- 
tic :  but  gases  appear  to  be  in  a  continued 
state  of  compression ;  for  when  left  un- 
confined,  they  expand  in  every  direction, 
to  an  extent  which  has  not  hitherto  been 
determined.  Thus,  a  small  portion  of 
common  air,  inclosed  in  a  thin  bladder, 
will,  when  the  pressure  of  the  atmosphere 
is  removed,  expand  so  as  to  inflate  the 
whole  cavity,  stretching  out  every  part  of 
the  surface.  The  expansion  of  a  uqnid, 
under  such  circumstances,  would  not  be 
perceptible.    Gates  retain  their  elaetidty 
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in  all  temperatures,  and  in  thii  they  of  silyer  ;  and,  therefore,  ii  said  to  have 

difliir  from  vapours, — See  Vapour,  double  its  specific  gravity, — the  specific 

GASEOUS    signifies   that    the  sutMtance  gravity  of  platina  is  to  that  of  sUrer  as  8 

spoken  of  has  the  nature  of  ga$f  and  to  1. 

thus  ^(MtfoiM^ttuit  are  distinguished  from  GRAVITY,    LINE    OF    DIRECTION 

other  fluids.  OF,  is  that  line  which  passes  through 

GLAUBERITE  is  a  crytallized  salt  com-  the  centre  of  gravity  of  a  boAy  in   a 

posed  of  nearly  equal  parts  of  sulphate  of  direction  to  the  centre  of  the  earth, 

lime  and  sulphate  of  soda,  both  anh^  GYRATION  (Latin  pynw,  a  circle)  is  the 

ifrotM,  or  nearly  so.     It  was  so  called,  in  action  of  turning  round  in  the  manner  of 

honour  of  Glauber,  whos»  name  is  also  a  wheel. 

given  to  Glauber  salu,  or  sulphate  of    — CENTRE  OF_See  Otcil» 

soda.     Glauberite  is  found  among    the  iation. 

pieces  of  rock  salt  brought  from  South    CIRCLE  OF.— See  ditto. 

America.  HALO,  ^^  a    luminous,    and   sometimes 

GONIOMETER  (from  the  Greek  gonioj  coloured  circle,    appearing   occasionally 

an  angle)  is  an  instrument  for  measuring  around  the  heavenly  bodies,  but  more 

angles.    Such  an  instrument  is  particu-  especially  about  the  sun  and  moon.*' — 

larly  requisite  in  measuring  the  solid  an-  Seis  ParhaHa. 

fflet  of  crystals.    That  of  the  late  Dr.  HARDNESS  is  the  resistance  to  impres- 

WoUaston  is  peculiarly  ingenious.  sion.     It  is  inoomprettibility^  but  limited 

GOVERNOR,  an  addition  applied  to  oer-  to  solids. — See  ComprssaibUii^, 

tain  machines  for  the  purpose  of  equaliz-  HEAT. — See  Caloric, 

ing  their  motion.      It  is  a  centrifugal    CAPACITY  FOR.— See  Calorio, 

power,  like  that  of  the  Jlf^whcel^  and  is  CapaoUy  for, 

described  at  large  at  page  62,  Mecha-    CONDUCTORS  OF.— fiee  Con- 

Kics,  Treatise  ii.  ducior, 

GRAVITY  (Latin  ^ravito«,  heaviness)  it    LATENT.— See  Caforio,  JL«/tfn/. 

a  name  given  to  that  tendency  which    RADIATION  OF.— ^See  Radio- 

bodies  have  to  fall  to  the  earth, — or  rather  Hon. 

towards  iu  centre.    The  abstract  power,    SPECIFIC^— See  Caloric^  Spe- 

or  unknown  cause,  by  which  these  phe-  c{/ie. 

nomena  are  produced,  is  termed  Gravita-  HERMETIC  SEAL.     The  origin  of  ohe- 

#ion,  ^-and  this  power  is  supposed  to  act  mistry  has  been  ascribed  to  the  Egyptian 

throughout  nature,  so  that  ail  bodies,  as  Hermes,  and,  therefore,  termed  the  Iltr- 

well  as  the  particles  of  the  same  body,  metic  Art,    When  the  neck  of  a  glau 

have  a  tendency  to  approach  each  other,  vessel,  or  tube,  is  heated  to  the  melting 

in  proportion  to  their  masses,  but  lessen-  point,  and  then  twisted  with  pincers  untu 

ing  in  force  as  the  squares  of  the  di».  it  be  air-tight,  the  vessel,  or  tube,  is  said 

tanoes  between  the  centres  of  the  several  to  have  received  the  «ea/  €(f  Hermes — to 

masses  are  increased.     Gravity  and  At-  be  Hermetically  sealed. 

iraetion   are  often  used  synonymously.  HETEROGENEOUS.  —  See  Homogenc 

Both  are  abstract  names  for  the  same  ous. 

unknown  power;  but  the  latter  is  ap-  HEXAHEDRON. — See  Rhombus. 

plied  more  generally :  we  speak,  for  ex-  HOMOGENEOUS  (from  the   Greek  hO' 

ample,  of  capillary  attractioHy  and  mag-  mos,  alike,  and  genos^  kind)  designates 

neiie  attraction^  but  not  of  capillary  or  such  substances  as  have  their  particles  all 

magnetic  ^rram'/y.  of  the  same  nature,  and,  consequently, 

GRAVITY,  CENTRE  OF,  is  a  point  in  possessing  the  same  properties.     Hetero* 

a  body  from  which,  if  that  body  could  be  geneous^  on  the  contrary  (Grreek  Keteros^ 

suspended,  the  whole  body  would  remain  different)    denotes    that    the  substance 

at  rest,  (with  respect  to  its  tendency  to  which  it  denominates  is  made  up  of  parts 

the  earth,)  in  whatever  respective  posi-  that  have  different  quahties.     Thus,  in 

tion  the  surrounding  parts  may  be  turned.  minerals,  the  diamond  is  a  homogeneous, 

Thus,  the  centre  of  gravity  of  a  globe  is  and  granite  is  a  heterogeneoue  body, 

its  common  centre,  and  that  of  a  balanced  H  YACIN7H.->-See  Ziroone. 

beam  is  the  pivot  on  which  it  turns.  HYDRATES.    Chemical  compounds  (par- 

-                      RELATIVE.— See   Gravity^  ticuhirly  salts)  which  contain  water  as 

Specific.  one    of   their   ingredients,    have    been 

SPECIFIC.   The  comparative  termed  hydrates.    If  water  be  not  a  con- 


or  relative  gravities  of  different  bodies  stituent,  they  are  said  to  be  Anhydrous, 

towards  the  earth  are  measured  by  a  which  signifies  withotU  water  ;  from  the 

general  standard  termed  weight ;  and  one  Greek  privative  a  and  hydor  water. 

substance  is  said  to  have  a  greater t^d/Sc  HYDROUS,  watery,  or  containing  water 

grmrity  than  another,  when  a  less  portion  in  itt  composition. 

of  itt  bulk  is  of  equal  weight  to  that  HYPERBOLA.  —  See  Cone^  and    Com^ 

other.    Thus,  a  oubio  inch  of  platina  is  Sections, 

neariy  twice  the  weight  of  a  cubic  inch  HYPERBOIiOID.— See  Conoid. 
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ICELAND  SPAR.— See  Cateareout  Spar^ 

and  Spar. 
ICOSAUEDRON.— See  RhombuM. 
IDOCRASE,  a  name  sometimes  giTen  to 

F#ravtan,  which  see. 
IMPENETRABILITY.    In  the  popular 
acceptation  every  substance  is  penetrable^ 
that  is,  another  substance  may  be  intro- 
duced, or  made  to  pass  through  it,  pro- 
Tided  a  sufficient  force  be  applied;  but 
the  presently  received  system  of  philoso- 
phy holds  all  matter  to  be  impenetrable^ 
and  that  what  is  supposed  to  be  peneira^ 
tion  is  merely  the  admission  of  one  sub- 
stance into  the  poree  of  another. 
I AI  PULSE  (Latin  impuUtUy  a  push    or 
stroke)  is  the  direct  action  of  one  body 
upon  another  in  the  production  of  motion. 
Bodies  are  impelled,  or  driven  forward, 
either  by  percussion^  or  by  pressure^ — by 
a  stroke,  as  with  a  hammer,  or  a  push,  as 
by  a  spring,  or  a  living  power.    The 
former  is  instantaneous,  and  the  latter 
continuous.     In  both  cases  the  moving 
body  flies /rom  the  power  ;  in  the  action 
of  pulling  (or  attraction)  it  does  the  re- 
verse. 
INCIDENCE,  POINT  OF.— See  Refruo- 

tive  Power, 
INCIDENCE,   ANGLE  OF.  —  See  Be- 

flexion,  and  R^ractive  Power. 
INCOMMENSURABLE.— See  Ratio, 
INCOMPRESSIBILITY.— See  Compres- 

sibilUp. 
INSTRUMENT.— See  Machine, 
INDEX  OF  REFRACTION.— See    Re~ 

fractive  Power. 
INERTIA.— See  Vis  Inertia. 
INSULATION.     When  a  body,  contain- 
ing a  quantity  of  free  caloric,  or  of  tbe 
electric  fluid,  is  surrounded  by  non-con- 
ductors, so  as  to  cut  off  the  communica- 
tion with  other  bodies,  it  is  said  to  be 
insulated;  a  metaphor  taken  from  the 
Latin  insula^  an  island. 
INVERSE  PROPORTION,  or  RATIO. 

—See  Ratio. 
IN  VOLUTE  OF  A  CURVE— See  Curves. 
ISOCHROMATIC.     The  Greek  isos  sig- 
nifles  equal,  and   is  prefixed  to  many 
scientific  words  which  are  derived  from 
that  language.    Isochromatic  is,  having 
the    same    colour.      Isoperimetrical   is, 
having  the  same  length  of  perimeter,  or 
bounding    line.      Isochronous    is    what 
passes  in  equal  times,  as  the  vibrations  of 
pendulums  of  the  same  length.  Sec 
JARGON.— See  Zircone. 
LATENT  HEAT.— See  Caloric. 
LAW  OF  THE  SINES.— See  Refractive 

Power. 
LENS  (Latin  lens,  a  bean)  is  properly  a 
small  roundish  glass  of  the  figure  of  a 
lentil.  The  meaning,  however,  is  now 
extended.  Lenses  are  not  now  necesjia- 
rily  glas.4,  nor  shaped  like  a  bean,  but 
may  be  made  of  other  forms^  and  of  any 
tnuuparent  substance.    Their  essential 


characteristic  is,  that  thev  ihall  refract 
the  rays  of  light,  so  that  tne  divergence, 
or  convergence,  of  those  rayi  bIulII  be 
equally  prowluced  after  their  passage.  For 
this  purpose  the  surfaces  must  be  po- 
lished.    Their  usual  forms  and  names 
are  shown  and   explained    at   page  7* 
Optich. 
LEVEL.    Two  points  on  the  surface  of 
the  earth  are  said  to  be  on  the  same  level 
when  they  are  equally  distant  from  its 
centre.      A  level  surface,  therefore,  is 
not  a  plane,  but  a  portion  of  a  spherical 
surface;  and  this  is  the  form  which  a 
sheet  of  water,  or  any  other  liquid,  natu- 
rally assumes.   There  are  various  instru- 
ments used  in  levelling,  which  are  called 
levels.    These  all  give  a  horixontal  levels 
that  is,  a  tangent  to  the  earth*s  surface ; 
and  in  the  case  of  a  drain,  or  canal,  the 
bottom  of  the  excavation  must  be  carried 
lower  than  the  level  indicates,  otherwise 
the  water  would  not  run.     The  dedivity 
must  be  in  a  circle  equivalent  to  that  of 
the  earth's  circumference  before  the  water 
could  reach  it,  and  this  would  thea  be 
termed  a  dead  level, 
LEUCOCYOLITE,   a   name  given  to  a 

variety  of  Apophyllite,  which  see. 
LEVER  (Latin  levarc,  and  Frendi  /fMr, 
to  lift,  or  raise)  is  one  of  the  medianical 
powers.   It  is  an  inflexible  bar,  supported 
and  moveable  in  one  point  of  its  length 
on  a  pivot,  or  prop,  called  the  Fulcrum. 
One  end  of  the  lever  is  applied  to  the 
weight  to  be  raised,  while  a  force  is  ap- 
plied to  the  other  end.  The  power  of  this 
instrument  depends   on   the  proportion 
between  the  lengths  of  the  parts  of  the 
lever  on  each  side  of  the  fulcrum, — See 
Balance, 
LIGHT  is   the  cause  of  those  sensations 
and  colours  which  we  refer  to  the  eyes, 
or  sense  of  seeing,  as  their  source.     The 
essence  of  light  is  unknown :  whether  it 
consists  of  emanations  from  the  substance 
of  the  luminous  body,  or  is  propagated, 
by  impulse,  through  the  medium  of  an 
universally  diffused  and  subtile  ether,  has 
not  yet  been  determined.  The  knowledge 
of  the  laws  which  r^ulate  the  phenomena 
of  light  constitutes  the  science  of  Optics  ; 
— the  investigation  of  its  action  upon  the 
structure  of  bodies  belongs  to  Chemistrf. 

PENCIL  OF.— See  Light,  Rag  if, 

— —  RAY  OF,  is  considered  as  an 
evanescent  element  of  a  stream  of  light ; 
and  a  pencil  as  a  collection  of  such  rays 
accompanying  each  other. 

REFLEXION  AND  REFRAC- 


TION OF.— See  Rqfiexion  and  R^frac- 
tion. 
LIMIT.  A  limit  is  literally  a  boundary, 
from  the  Latin  limitare,  to  bound.  There 
are  certain  effecu  in  Natural  Phikiophy, 
as  well  as  quantities  in  Mathematics, 
which  we  cannot  determine  with  minute 
accuracy ;  but,  in  many  cuch 
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can  fix  a  point  which  that  efect  or  guati' 
tUy  must  certainly  exceed,  and  another 
to  which  it  cannot  poMibly  arrive.  These 
pointt  are  the  ItmiU  of  the  problem.  We 
cannot,  for  instance,  predict  the  exact 
height  at  which  the  mercury  will  stand 
(at  the  level  of  the  sea)  in  a  barometer, 
on  any  future  day  ;  but  we  may  assert, 
from  past  experience,  that  it  will  be 
somewhere  between  twenty-eight  and 
thirty-one  inches.  Again,  we  cannot 
determine  exactly  the  length  of  the  cir- 
cumference of  a  circle;  but  we  are  certain 
that  it  is  greater  than  that  of  any  in- 
scribed polygon,  and  less  than  that  of  any 
circumscribed  one,  however  numerous 
tBeir  sides  may  be 
LIQUIDITY,  the  stete  of  being  liquid. 
LIQUIDS.  The  medium  between  the  solid 
and  the  gaseous  states  is  that  of  liquidity. 
Liquids  are  fluids  whose  elasticity  is  in- 
active, and  the  cohesion  of  whose  par. 
tides  is  less  towards  each  other  than 
their  individual  gravities ;  so  that  they 
separate  by  their  own  weight,  and  may 
thus  be  divided  drop  by  drop.  It  is  hence 
that  the  slightest  pressure  on  the  surface 
of  a  liquid, — even  that  of  the  thinnest 
stratum  of  its  own  body, — presses  the 
lower  portion  of  the  fluid  equally  in  all 
directions,  sideways  as  well  as  down- 
wards :  and  even  upwards,  into  any 
vessel  to  which  it  may  have  access,  if 
there  is  no  other  way  of  escape. 

HACHIN£  (Latin  machina,  a  frame  or 
contrivance) .  Any  complication  of  arti- 
ficial bodies  acting  upon  one  another  by 
contact,  through  the  medium  and  motion 
of  which  any  effect  is  produced,  is  a 
machine.  The  initial  force  which  puts 
the  machine  in  motion  is  called  the  First 
or  Prims  mover.  The  point  at  which  that 
force  is  applied  is  the  Acting  point ;  and 
that  in  which  the  effect  is  produced  is 
the  Working  point :  the  machine  being 
the  medium  through  which  the  power  is 
transferred,  and  by  which  it  is  modified 
so  as  to  answer  the  intended  purpose. 
When  a  simple  body  is  the  medium  be- 
tween the  acting  and  the  working  points^ 
it  is  an  Instrument. 

MASS  (of  matter). — See  Volume, 

MAXIMUM.  In  a  variable  quantity  or 
effect^  that  quantity  or  effect  which  is 
the  greatest  possible^  under  the  cfrcum- 
stances  in  which  it  is  placed,  is  termed  a 
maximum.  Thus,  in  respect  to  the  sails 
of  a  windmill,  they  may  be  placed  at  any 
angle ;  but  there  is  one  angular  direction 
on  which  the  wind  will  have  more  power 
than  on  any  other,  and  this  is,  therefore, 
termed  a  maximum.  There  are  other 
cases  in  which  we  seek  for  a  Minimum^ 
that  is,  the  letut  possible, 

MECHANICS  is  that  science  which  in- 
resttgates  the  nature,  laws,  and  effects  of 
motion  and  moving  powers. 

MECHANICAL  POWERS  are  the  simple 


instruments  or  elements  of  which  every 
machine,  however  complicated,  must  be 
constructed:  they  are  the  Lever^  the 
Wheel  and  Axle.,  the  Pulley^  the  Inclined 
Plane^  the  Wedge,  and  the  Screw, 

MELTING  POINT.  That  point  of  the 
thermometer  which  indicates  the  heat  at 
which  any  particular  solid  becomes  fluid, 
is  termed  the  melting  point  of  that  soUd. 

MENISCUS  ^Greek  mene,  the  moon),  a 
lens  which  is  concave  on  one  side,  and 
convex  on  the  other;  and  so  called  be- 
cause it  resembles  the  appearance  of  the 
new  moon. 

MINIMUM.— See  Maximum. 

MIRROR  (French  mirer,  to  look  at),  any 
surface  from  which  light  is  reflecteid,  so 
as  to  exhibit  the  images  of  objects  placed 
before  it.  It  is  sometimes  (especially 
when  formed  of  polished  metal)  termed 
a  Speculum^  the  Latin  term  for  a  looking, 
glass* 

—  PLANE,  has  a  plane  surface, 
such  as  the  common  looking-glass. 

CONCAVE,  has  a  hollow  sur. 


face,  which  collects  the  rays  and  reflects 
them  to  a  focus,  in  front  of  the  mirror, 
thereby  enlarging  the  image  of  the  object. 
CONVEX,  disperses  the  rays, 


and,  in  consequence,  diminishes  the 
image  of  the  object.  These  concave  and 
convex  surfaces  are  formed  of  different 
curves,  according  to  the  purposes  in- 
tended.— See  Buming-Glass. 
MOCHO  STONE.— See  Agate. 
MOMENTUM,  or  MOMENT,  is  the  im- 
petus,  or  force  of  a  moving  body.  The 
comparative  momenta  of  bodies  are  in  a 
compound  ratio  of  their  quantity  of  mat- 
ter  and  their  velocity :  that  is,  they  are 
in  proportion  to  the  products  of  the  mat- 
ter and  velocity,  when  expressed  in  numm 
hers.  Thus  a  ball  of  four  pounds  weight, 
moving  at  the  rate  of  eighteen  feet  in  a 
second,  would  have  double  the  momen- 
tum,— that  is,  it  would  strike  against  an 
object  with  twice  the  force  that  a  ball 
of  three  pounds  weight,  moving  at  the 
rate  of  twelve  feet  per  second,  would  do ; 
because  the  first  product  (4  multiplied  by 
18)  is  double  that  of  3  multiplied  by  12. 
Momentum  is  the  force  of  percussion. — 
See  Percussion. 

MOONSTONE.— See  Feldspar. 

MOTION  is  the  passing  of  a  body,  or  any 
parts  of  a  body,  from  one  place  to  an- 
other :  we  say  parts  of  a  body,  because 
in  the  cases  of  a  globe  turning  on  its  axis, 
or  a  wheel  revolving  on  a  pivot,  the  parts 
of  the  body  change  their  situation,  while 
the  bodies  themselves  are  stationary. 

MOVING  POWER.— See  Power. 

NON-ELASTIC  FLUIDS.— See  Gas  and 
Liquids. 

NONIUS.- See  Vernier's  Scale, 

OBLATE  AND  OBLONG  SPHEROID& 
— See  Spheroid. 

OBTUSE  ANQLil.~^ftA  Av^U. 
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OCTAHEDRON.— Set  RhcmtM. 
OCULAR  SPECTRA See  Aecidsnial 

OPACITY  (LaUn  opaeu$,  dark),  a  lUte 
impervioui  to  light. 

ORDINATE,  of  an  BiUpte,  Fatraholm^ 
and  Hpperbola, — See  Conic  SeoHons. 

OSCILLATION  (Latin,  otoiUaHo,  swing- 
ing) if  particularly  applied  to  deiignate 
the  motion  of  a  pendulum. 

CENTRE  OF.  A  pen- 
dulum, when  osciUaUng,  has  one  point  in 
which  its  whole  moving  force  is  concen- 
trated ;  and  at  which,  if  it  meet  with  re- 
sistance, it  will  instantly  stop,  without 
vibration  or  strain  of  its  other  parts : 
that  point  is  called  the  e»rUre  qf  otdU 
iaHmu 

A  wheel  in  motion  may  be  considered 
as  an  indefinite  number  of  pendulums, 
each  of  whidh  has  its  own  o€nir§  qf  oteiU 
latum.  If  the  wheel  be  nearly  balanced, 
those  several  points  of  osoillation  will 
accommodate  themselves,  so  as  to  form, 
in  their  continued  motion,  a  set  of  points 
equally  distant  from  the  rim.  These  are 
C€fUre$  qf  gyration^  and  in  their  junction 
will  form  a  Ctrols  qfgyraiion. 

OVERSHOT  WHEEL. -^  See  Water- 
wheel, 

PARABOLA.— See  Cone  and  Conie  Seo- 
tione, 

PARABOLOID.— See  Conoid. 

PARALLEL  LINES.  When  two  straight 
lines  in  the  same  plane  are  so  directed, 
that,  however  much  they  might  be 
lengthened,  they  would  never  approach 
nearer  to,  nor  recede  from,  one  another, 
they  are  said  to  be  parallel. 

PARHELIA,  PARHELIUM,  or  PAR- 
HELION (Greek  para^  near,  and  helios^ 
the  sun),  is  a  mock  sun  ;  an  appearance 
similar  to  the  sun,  which  occasionally  ac- 
companies hahi  (See  Halo).  There  nave 
been  sometimes  seen  six  or  seven  of 
these  moek  tuna  at  the  same  time,  which, 
in  that  case,  are  denominated  by  the 
plural.  Parhelia. 

PENCIL  OF  LIGHT.— See  Light,  Ray  of, 

PERCUSSION,  CENTRE  OF.  Percus- 
sion is  a  forcible  stroke  given  by  a  moving 
body.  In  taking  anv  particular  body, 
such  as  a  rod  of  equal  thickness,  held  at 
one  end,  and  swung  forcibly  by  the  hand, 
so  as  to  strike  upon  a  resisting  object, 
the  force  of  the  stroke  will  be  greater  or 
less,  according  to  the  part  of  the  rod  that 
shall  hit  the  object.  There  is  ona  point 
of  the  rod  in  which  the  whole  force  of  the 
stroke  is  concentrated,  and  the  resistance 
to  which  would  neutralize  the  blow.  That 
point  is  termed  the  centre  of  percussion, 
which  always  coincides  with  that  of  oscil- 
lation. 

■ FORCE  OF.— See  Momentum, 

PERIMETER.  The  length  of  the  whole 
bounding  line  of  any  plane  {iKareiiOt  vrYiav 
ever  parts  or  shapes  Vhal  Sue  ma^  cost 


sist,  is  termed  the  pmmetor  of  the  figure. 
The  length  of  the  bounding  line  of  s 
circle  (or  perhaps  of  any  curve  which  re- 
turns upon  itseu)  is  its  Cireumference. 

PERPENDICULAR.— See  Angle. 

PETUNTSE.— See  Feldspar. 

PISTON,  a  short  plug,  or  bkick,  eortly 
fitted  to  the  bore  of  a  tube,  so  as  to  slide 
outwards  and  inwards  by  means  of  a  rod. 
The  piston  (with  its  pieton^rod  )  is  a  ne- 
cessary part  of  the  apparatus  of  a  pomp. 
It  serves  the  purpose  of  exhausting  tbe 
air  from  the  tube,  and  is  hence  commonly 
called  the  Sucker, — See  Suction,  A  pis. 
ton  is  generally  accompanied  with  a  valve, 
otherwise  it  is  a  Plunger. 

PLANE,  TANGENTIAL.— See  TamgeuL 

PLUNOER^-See  Piston. 

POINT,  ACTING.— See  MaeMna. 

BOILING.— See  BoUingpeikt. 

FREEZfWG.  —  See   Freesiay 


point. 


OF  INCIDENCE. 


Rsfrae- 


twe  Power. 

WORKING. —  See    Working 


ooial. 

PORES  (of  matter).— See  Voiwme, 
POWER  is  that  principle  which  is  cspsble 
of  effecting  a  change  in  the  state  or  con- 
dition of  a  oody.  When  power  is  exerted, 
as  in  mechanics,  it  is  force,  applied  for 
the  purpose  of  producing  or  iRwentiof 
motion.  In  the  former  case  it  is  tensed 
a  moving  power,  or  /bree,  and  in  die 
iBtiertiSUstaining  power,  or  farce.  Power 
is  latent  force, 

ANIMAL,   or  ANIMATE,  ii 

the  power  of  a  man,  or  other  animal. 

INANIMATE,    is  that  d  sir, 


fire,  water,  or  other  inanimate  bodies. 

MECHANICAL — See  Meeka- 


nical  Power, 

IN  OPTICS  expresses  the  effect 


producible  by  lenses,  or  other  instru- 
ments, as  magnifying  power,  hemting 
power,  Slc. 

PRESSURE  is  the  application  of  force  to  a 
resisting  body,  when  that  force  is  in  cuii- 
tinned  contact  with  the  body  upon  which 
it  is  exerted. — See  Impulse  and  Pereus- 
sion, 

ATMOSPHERIC— See  Atmts^ 

pherio  Pressure. 

CENTRE  OF.      When  a  fluid 

presses  upon  a  surface,  there  is  a  potn/ 
in  that  surface,  at  which,  if  a  force  be 
applied  in  the  same  line  with  the  pret- 
sure  of  the  fluid,  and  equal  to  the  wh<de 
of  that  pressure,  but  in  a  contrary  direc- 
tion,— this  counter-force  will  exactly 
balance  the  whole  pressure  of  the  fluid, 
— and  that  point  is  called  the  centre  »f 
pressure, 

PRIME  MOVER,— See  Machine, 

PRIMARY  COLOURS. —See  Cokmrs, 
primary. 

^tLV^C\^\AY.^D' ALEMBEBT'S,  tis  J/^. 
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bodiat  hare  a  tendency  to  motion,  with 
Telodties,  and  in  direction!  which  they 
are  constrained  to  change,  in  consequence 
of  their  reciprocal  action  on  each  other, 
then  these  motions  may  be  considered  as 
composed  of  two  others ;— one  which  the 
bodies  actually  take ;  and  the  other  such, 
that,  had  the  bodies  been  acted  on  by 
audi  alone,  they  would  have  remained 
In  equilibrium.  —  See  EquUibrium  and 
Forces^  eompoiUion  qf. 

PRINCIPIiE  OF  VIRTUAL  VELOCI- 
TIES. ^'When  a  system  of  material 
E [lints,  solicited  by  any  force,  is  in  equi- 
brium,  if  tlie  system  receive  a  small  al- 
teration in  its  position,  by  virtue  of 
which  every  point  describes  an  infinitely 
small  space,  the  sum  of  each  force  multi* 
plied  by  the  space  described  by  the  point 
to  which  it  is  applied,  according  to  the 
direction  of  the  force,  is  always  equal  to 
meroV  This  is  the  general  prindp/e  q/ 
virtual  veloeities^  referred  to  at  page  2  of 
Mechakicb,  Treatise  ii. 

PRISM.  A  prism  is  a  solid  contained  bv 
plane  figures,  of  which  two  are  parallel, 
and  the  rest  are  parallelograms. 

PRISMATIC  SPECTRUM  is  the  various 
coloured  appearance  (Latin  epeehim) 
which  a  ray  of  white  light  exhibits  when 
separated  by  refraction  through  a  glass 
pnsm.  The  prism  of  the  opticians  is 
triangular ;  that  is,  its  two  ends  are  pa- 
rallel, equal  and  similar  triangles,  and 
consequently  its  other  faces  are  three  pa- 
rallelograms. 

PROPORTION,  DIRECT  AND  IN- 
VERSE  See  Ratio. 

PROPORTIONALS.— See  Ratio. 

PYRAMID— See  Cone. 

PYROMETER.— «ee  Thermometer. 

QUADRANT.— See  Angle, 

QUARTZ  is  a  hard  sparkling  stone,  ex- 
tremely abtmdant  in  nature,  from  the 
common  pebble  to  large  mountain  veins, 
and  even  entire  rocks.  It  is  found  in 
crystals  with  various  degrees  of  transpa- 
rency,  which,  when  pure,  have  the  name 
of  ilodir  orfetal  t  of  tlds,  the  Scotch  Caim^ 
getm  (denominated  from  a  mountain 
where  they  were  once  plentiful)  is  a 
rariety.  The  purple-coloured  rock  crys- 
tals are  commonly  called  ametkpstty  and 
the  yellow-coloured  have  the  name  of 
topaMee.  —  iiee  Corundum. 

RADIATION  (Latin  radiare)  is  the  shoot- 
ing forth,  in  all  directions,  from  a  centre. 
The  Latin  radius  was  a  shoot  or  rod,  and 
its  plural  radii  (rays)  was  used  both  lite- 
ralW  and  metaphorically  i  they  were  the 
apoaes  of  a  wheel,  or  the  beams  shot 
from  the  sun.  lu  natural  philosophy, 
whatever  sends  emissions  in  all  direc- 
tions, is  said  to  radiate  ;  and  hence  we 
have  not  only  radiations,  or  rays  of  light, 
bttt  of  heat  and  of  sound.  Each  of  these 
rmda  is  a  rap. — See  Rap.  It  may  here 
be  observed,  that  the  radiant  heat  of  the 


sun  passes  through  glass ;  but  it  if  otbor- 
wise  with  tefTestrial  heat. 

RADIUS.— See  Aftfk, 

RAREFACTION  is  the  act  of  causing  a 
substance  to  become  less  dense ;  it  also 
denominates  the  state  of  this  lessened 
density.  The  term  is  more  particularly 
applicable  to  elastic  fluids,  which  expand 
io  as  to  fill  the  vessel  in  which  they  are 
contained  after  part  is  extracted.  The 
gas  becomes  rarefied  in  consequence  of 
the  partial  exhaustion.  Liquids  are  ex- 
panded by  means  of  heat,  and  thence  be- 
come thinner  or  more  rarefied^ 

RATIO.  In  comparing  two  subjects,  with 
regard  to  some  quality  which  they  have 
in  common,  and  which  admits  of  being 
measured,  that  measure  is  their  raHo. 
It  is  the  rate  in  which  one  exceeds  the 
other.  Proportion  is  the  portiotu^  or 
parts  of  one  magnitude  that  are  con- 
tained in  another.  When  the  ratio  is 
commensurable  (that  is,  when  it  is  redu- 
dble  to  numbers),  it  is  equivalent  to  pro- 
portion; but  the  latter  term  is  usually 
employed  in  the  comparison  of  ratios^  in 
which  case,  two  equal  ratios  are  said  to 
be  proportionals.  Thus  3  has  to  4  a  cer- 
tain ratio^  or  proportion  ;  but  the  ex- 
pression 3  is  to  4  in  the  same  proportion 
as  6  to  8,  denotes  that  the  ratios  of  3  to  4 
and  6  to  8  are  equal  i  3  being  the  same 
proportion  of  4  as  6  is  of  8,  that  is,  three 
fourths. 

DIRECT  AND  INVERSE.  Whea 

two  quantities,  or  magnitudes,  have  a 
certain  ratio  to  each  other,  and  are,  at 
the  same  time,  subject  to  increase  or  di- 
minution; if,  while  one  increases,  the 
other  increases  in  the  same  ratio,  or,  if 
while  the  one  diminishes,  the  other  dimi- 
nishes in  the  same  ratio,  the  proportions^ 
or  comparisons  of  ratios,  remain  unal- 
tered, and  those  quantities,  or  magni- 
tudes, are  said  to  be  in  a  direct  ratio  or 
proportion  to  each  other.  Thus,  if  a 
yard  of  cloth  be  worth  a  pound,  ten,  or 
any  number  of  yards  will  be  worth  so 
manv  pounds,  and  the  proportion  of  value 
continues  unaltered. 

But,  if  the  magnitudes  are  such,  that, 
when  one  increases,  the  other  necessarily 
diminishes ;  and  vtM  versa^  when  the 
one  diminishes  the  other  increases,  the 
ro/io,  or  proportion,  is  said  to  be  inverse. 
Thus,  there  is,  at  any  moment,  a  certain 
ratio  of  the  length  of  the  day  to  that  of 
the  night ;  but  this  is  an  inverse  ratio  ; 
for,  in  proportion  as  the  length  of  either 
increases^  that  of  the  other  must  diminish. 

RAY  is  a  single  radiation  from  a  body 
which  sends  out  emissions  in  ail  direc- 
tions.— See  Radiation^  and  Light. 

RAYS,  ABERRATION  OF.— See  Aher^ 
ration. 

CALORIFIC— See  Calor\fio  Rmus, 

COLOUR£D.r-«ee  Coloure^  and 

Prismatio  Spectrum, 
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RAYS,  CONVERGENT.— See  R^/Uxm^ 

Laws  of. 
DiVEROENT.  —  See  Bi/Uskm, 

Law*  of, 

PARALLEL.  —  See    X^/Usion^ 


Law*  qf, 

REFLEXION  OF.  —  See 


Jlejnon 


JU' 


REFRACTION   OF.— See  Be. 
fraction. 

ORDINARY  AND  EXTRAOR. 


DINAR Y.— See  Refraetion^  Double, 

RE.ACTION.— See  Aetion. 

REAUMUR*S  THERMOMETER  (so 
called  from  the  name  of  its  inventor)  is 
that  in  which  the  space  bettreen  the 
freezing  and  the  boiling  points  of  water 
is  divided  into  eighty  paru,  or  degrees ; 
the  freezing  point  being  marked  0,  or 
mero^  and  the  boiling  point  eighty.  The 
degrees  are  continued  of  the  same  size, 
below  and  above  these  points ;  those  be- 
low beiikg  reckoned  n^ative. 

REFLEXION  (from  the  Latin  r^fleetere^ 
to  bend  back)  is  a  term  generally  used  in 
natural  philosophy  to  denote  the  re- 
bound of  the  rays  of  light,  heat,  or  sound, 
from  an  opposing  surface.  Polished  sur- 
faces reflect  the  light  to  the  eye,  and 
are,  therefore,  more  generally  termed 
rector*  or  mirrors.  Heat  and  sound 
are  reflected  without  relation  to  the  eye, 
and  are  returned  from  more  rugged  ob- 
jects. 

LAWS  OF.  The  reflexions 

of  lighty  heaty  and  sounds  are  found  to 
obey  the  same  laws  as  the  rebound  of 
elastic  balls  projected  upon  elastic  sur- 
faces. It  is,  therefore,  that  the  particles 
of  light  and  air  have  been  treated  as 
l)eing  reflected  by  virtue  of  their  elas- 
tieily  f  although,  on  this  principle,  we 
cannot  well  account  for  the  reflexion  of 
light  from  both  surfaces  of  a  glass  mirror. 

ANGLE  OF.     The  law  of 

reflexion  is  generally  expressed  by  the 
assertion  that  *'^  the  angle  of  incidence  is 
always  equal  to  the  angle  of  reflexion,'* 
and  is  thus  explained : — 

If  A  B  (^.  II.)  be  a  plane  surface, 
and  a  ball,  at  D,  be  /ig.  11. 

impelled  towards  C, 
perpendicular  to  that 
surface,  in  the  direc- 
tion D  C,  it  will  re- 
bound, from  the 
point  C,  back  to- 
wards  D,  in  the 
same  line  C  D ;  but 
if  the  ball  be  pro- 
jected to  the  same 
point  C,  from  any 
point  £,  in  a  direc- 
tion not  perpendicular  to  A  B,  it  will 
relK)und  on  the  other  side  of  D  C,  to- 
wards F,  in  such  a  manner  that  E  C  D, 
which  is  termed  ^'  the  angle  qf  incidence" 


no- 


shall  always  be  equal  to  F  C  D,  ^  ihe 
angle  qfrejiexion.** 

If,  instttui  of  a  ball,  we  tappoie  a  ray 
of  light  to  emanate  from  £,  and  fall 
upon  C,  it  will  be  reflected  in  the  tame 
manner  to  the  eve  at  F,  along  the  Mne 
C  F ;  in  which  direction  only  could  an 
object,  reflected  from  the  point  C,  be 
visible.  A  pulse  of  air,  whidi  is  some- 
times called  a  ''  rap  of  sound^**  follows 
the  same  law,  and,  if  proceeding  from  £, 
would  be  reflected  from  C,  direcuv  in  the 
line  C  F,  in  the  points  of  which  it  would 
be  heard  (if  sufficiently  strong),  as  a  re- 
flected sound,  or  echo.  Some  authors 
call  E  C  B  the  angle  of  incidence,  and 
A  C  F  that  of  reflexion ;  but  the  mis- 
nomer is  of  little  consequence,  for  they, 
too,  are  equal. 

When  the  reflexion  is  made  from  a 
eoncavcy  or  from  a  convex  surface,  the 
angles  of  incidence  and  reflexion  are  still 
equal ;  but  they  are  measured  by  the 
tangenty  or  rather  tangential  plane^  which 
touches  the  curve  at  the  point  on  which 
the  incident  ray  falls.  By  this,  we  shall 
account  for  the  several  cases  at  pages 
15—18  in  Optics.  We  may  add,  that  all 
terrestrial  rays  are  divergent,  as  proceed- 
ing from  a  point ;  but  those  of  the  tun 
are,  on  account  of  his  immense  distance, 
considered  as  parallel.  Convergent  are 
such  as  meet  in  a  focus^  which  they  can 
only  do  by  reflexion,  or  by  refraction, 

REFLECTING  MICROSCOPES  AND 
TELESCOPES  are  such  as  carry  a  mag- 
nified image  of  the  object  to  the  eye,  by 
means  of  rays  reflected  trom  a  concave 
speculum. 

REFRACTION.  When  we  immerse  one 
end  of  a  rod,  in  a  slanting  direction,  in  a 
vessel  of  water,  the  part  immersed  ap- 
pears as  if  it  were  bent,  or  broken,  at  the 
surface  of  the  liquid.  This  phenomenon 
is  the  consequence  of  the  rays  of  light 
(by  which  the  rod  is  rendered  visible) 
bemg  bent  in  their  course ;  the  straight- 
lined  direction,  in  which  they  originally 
issued,  being  changed  (Latin  refr'aetus, 
broken)  by  falling  on  another  medium. 
Refraction  is,  therefore,  used  in  natural 
philosophy  as  the  denomination  of  that 
deviation  from  its  course,  which  a  body 
invariably  experiences,  when  passing,  in 
an  oblique  direction,  from  one  fluid 
medium  to  another  of  a  diflTerent  density. 
The  term  is  chiefly  applied  to  the  rays  of 
light  as  they  pass  through  transparent 
bodies 

REFRACTIVE  POWER.  The  various 
transparent  media  refracl  the  rays  of  light 
in  diff'erent  degrees.  Let  A  B  a  6 
{fig.  12.)  be  a  transparent  body  on  which 
a  ray,  C  D,  incides  from  a  luminous  point 
C,  upon  the  plane  surface,  A  B,  at  D. 
Were  this  ray  to  preserve  its  rectilinear 
direction,  it  would  pass  ou  to  the  point 
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£ :  but,  meeting  with  another  medium 
At  the  point  D,  it  is  reflected  to  F ;  so 
that  the  lumi- 


Fig,  IB. 


HODS  point,  C, 
would  be  teen 
by  the  eye  at 
F,  and  not  at 
£.  Draw  the 
right  line,  OD 
H,  perpendv 
cuiar  to  A  B, 
through  the 
vmnt  qf  inci" 
lUnae  D,  which 

line,  O  D  H^  is  termed  the  Axi*  qf  Be^ 
fraction.  The  angle,  C  D  O,  is  the 
angle  of  inoideneey  and  H  D  F  is  the 
angle  of  refraction.  These  angles  have 
a  fixed  relation  to  each  other,  in  the  same 
transparent  body,  whatever  the  ai^gle  of 
incidence  may  be,  but  that  proportion  is 
different  in  some  bodies  from  what  it  is 
in  others;  and  hence  those  bodies  are 
said  to  hare  a  greater  or  a  less  refrae^ 
tive  power.  When  the  inoideni  rag  is 
perpendicular  to  the  surface  on  which  it 
falls,  (as  in  the  direction  O  D  H,)  there 
ia  no  refraction.  In  every  other  direc- 
tion, the  ratio  between  the  einee  of  the 
angles  of  incidence  and  of  refraction  is 
constant,  and  is  termed  the  Index  of  Re» 
fraction.  Thus,  in  water,  if  the  sine  of 
the  angle  of  refraction  be  taken  as  unity, 
that  of  incidence  will  be  about  1^  ;  and, 
therefore,  the  index  of  refraction  in  water 
ia  marked  in  the  comparative  Tables  as 
being  1.336.  This  is  called  the  Law  of 
the  Sines. — See  Angle. 

In  the  passage  of  a  ray  of  light  from  a 
dense  to  a  rarer  medium,  the  refraction 
Is  reversed.  The  angle  of  incidence  (at 
the  point  D,  where  the  two  media  meet) 
is  then  the  lesser  one ;  and  a  luminous 
object  at  F,  would  be  seen  by  an  eye  at 
C. — See  Tangent. 

REFRACTION,  DOUBLE.  The  refrac- 
tion last  mentioned  is  now  termed  Simple 
Befractiony  because  a  theory  has  been 
formed  of  the  laws  of  that  Double  Refrac* 
iion^  which  was  long  ago  observed  in  Ice- 
land spar,  but  has  since  been  found  to 
take  place  in  many  other  crystals,  and 
may  be  even  artificially  communicated  to 
glass  :  the  ray,  or  pencil  of  light,  when 
falling  on  a  crystal  of  double  refraction, 
produces  a  double  image.  It  separates 
into  two  parts  or  rays;  one  of  which 
follows  the  <m/inary  law  of  the  sines,  and 
the  other  is  refracted  ^^  according  to  a 
new,  or  extraordinary  law.'*  These  two 
pencils  of  light,  into  which  the  ray  is 
divided,  are  termed  by  Dr.  Brewster  the 
ordinary  ray^  and  the  extraordinary  ray. 

EEFRAOTING  MICROSCOPES  AND 
TELESCOPES  are  such  as  show  a  mag- 
nified image  of  an  object,  bv  means  of 
rays  of  li^t  refracted  and  collected  into 
a  focus  through  lenses. 


REFRANOIBILITY  is  the  capability  of 
being  refracted,  and  has  been  employed  to 
designate  the  degree  of  that  property 
which  is  possessed  by  the  several  divisions 
of  a  ray  of  light.  It  is  owing  to  their 
various  refrangibilities  that  the  threads 
or  rays  separate  from  each  other  in  passing 
through  the  prism,  and  thereby  form  the 
coloured  spectrum. 

RELATIVE  GRAVITy.—See  GravUy. 

REPULSION  (Latin  repellercy  to  drive 
back)  is  the  name  of  a  power  or  principle 
in  the  particles  of  natural  bodies,  by 
which,  under  certain  circumstances,  they 
refuse  to  meet  one  another.  It  is  the 
KMite  of  attraction,  and  equally  inex- 

Eable.  The  elasticity  of  bodies  has 
n  referred  to  this  principle,  which  is 
merely  giving  us  another  name  for  an 
unknown  cause. 

RESISTING  FORCE.— See  Force 

RESULTANT.— See  Forces^  ComposUion 
qf. 

RHOMBUS.  A  rhombus  is  a  surface  hav- 
ing four  equal  sides,  but  of  whidi  the 
angles  are  unequal ;  it  is  a  square  pressed 
out  of  shape  until  it  assumes  the  form  of 
the  diamond  of  a  pack  of  cards.  If  the  op- 
posite sides  only  are  equal,  it  is  called  a 
rhomboid  or  rhomboides.  It  is  a  compressed 
parallelogram,  its  opposite  angles  only 
being  equal.  In  describing  crystals,  some 
are  termed  rhombs  or  rhombotds,  because 
they  are  solids  whose  faces  have  those 
figures.  They  are  rhomboidal  solids. 
Others  are  described  by  the  number  of 
their  sides  (Greek  hedrd)  or  faces.  Thus 
a  solid  with  four  faces  is  called  a  tetra* 
hedron  ;  with  six,  a  hexahedron ;  with 
eight,  an  octohedron;  with  twelve,  a 
dodecahedron  ;  with  twenty,  an  icostUie-. 
dron;  and,  generally,  a  solid  having 
many  sides,  is  a  polyhedron.  All  these 
have  their  adjectives  tetrahedral,  hexahe- 
draly  &c.  equivalent  to  the  English  four- 
sided,  six-sided,  &c. — A  cube  u  a  hexa* 
hedron. 

RIGHT  ANGLE.— See  Angle. 

RIGHT  LINE.  The  same  as  a  straight 
line.— See  Curve, 

RIGIDITY  OF  CORDAGE.  One  of  the 
properties,  which  is  useful  in  ropes  and 
cordage,  when  applied  to  machinery,  is 
flexibility,  so  that  they  may  be  easily  bent, 
and  apply  easily  to  wheels  and  pulleys. 
The  opposite  of  this  property  is  termed 
rigidity. 

ROCHE LLE  SALT  is  a  chemical  prepa- 
ration, used  in  medicine ;  the  tartrate  of 
potash  and  soda.  It  crystallizes  in  huge 
regular  eight-sided  prisms. 

ROCK-CRYSTAL.— See  Quartx. 

RUBY. — See  Corundum. 

SAFETY-VALVE  (a  necessary  appendage 
to  a  steam-engine)  is  a  valve  opening  out- 
wards from  a  boiler,  and  loaded  teith  a 
weight  sufficient  to  withstand  the  elastio 
pressure  of  the  steam  until  it  rise  to  a 
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certain  height ;  but  whidi  would  be  forced 
open  before  the  strain  could  bunt  the 
boiler. 

SAPPHIRE.— See  Corundum. 

SATURATED  SOLUTION.-— See  Soiu^ 
Hon, 

SCALE,  a  line  divided  into  a  marked  num- 
ber of  nnall  and  equal  parts,  which  is  ap- 
plied to  the  measure  of  other  lengths  that 
are  not  so  divided;  and  thereby  to  ascer- 
tain their  relative  dimensions.  The  com* 
mon  measures  of  length  are  divided  into 
feet,  inches,  Ac,  but 'are  not  termed 
scales ;  this  being  the  scientific  designa- 
tion. The  scales  of  thermometers  have 
a  certain  point  from  which  the  heat  is 
counted  upwards  and  downwards,  that 
point  being  marked  with  a  cypher,  and 
termed  mero.  The  Latin  plural,  $oalm^  is 
a  ladder  which  is  descended  by  dMgreet 
{degreuut)  or  steps. 

SCREW,  one  of  the  mechanical  powertir- 
See  Mechanical  Powers, 

SEAL,  HERMETIC.  —  See  HmuHc 
Seal. 

SECANT.— See  Angle, 

SILEX  is  an  opaque  stone,  sufficiently  hard 
to  scratch  glass, — sparkling,  but  never 
crvstalliKed.  Common  flint  and  light- 
coloured  pebbles  are  wholly  of  this  euth, 
which  are  termed  Siliceous.  It  also  forms 
the  basis  ot  chalcedony^  oomeHany  Jasper ^ 
and  many  other  stones. 

SINE— See  An^le. 

SINES,  LAW  OF  THE.— See  R^/ketive 
Power, 

SOLIDS  are  bodies,  the  cohesion  of  whose 
particles  are  so  strong,  that  they  are 
moveable  only  as  a  combined  nuus. — See 
Fluids,  and  Liquids. 

SOLID  OF  LEAST  RESISTANCE.— 
See  Conoid. 

SOLUTION.  A  solution,  in  chemical 
language,  is  any  fluid  which  contains 
another  substance  dissolved  and  inti- 
matelv  mixed  with  it.  When  the  fluid 
will  dissolve  no  more  of  the  substance, 
but  allows  the  excess  to  deposit  on  the 
bottom  of  the  vessel,  it  is  said  to  be  satu- 
rated (Latin  saiur,  full),  and  the  mixed 
fluid  is  then  a  Saturated  Solution  of  the 
substance  which  it  contains. 

SOl^ND,  a  sensation  communicated  through 
the  ear,  by  means  of  the  particles  of  air 
(and,  occasionally,  other  fluids)  which  are 
impelled  by  the  vibrations  of  the  sound- 
ing body. 

RAYS  OP— See  Re/le»on. 

SPAR.  There  are  a  great  number  of 
stones,  the  broken  surfaces  of  which  pre- 
sent polished  shining  plates,  placed  so  as 
to  cover  each  other,  like  honaontal  beds. 
Most  of  these  have  been  called  spars ; 
and  this  form  is  termed  the  sparry  tex- 
ture. 

SPAR,   ADAMANTINE.  — See  Cortm- 

dum, 
•  ICELAND.— See  Calooreous  Sjw 


SPECIFIC  denomiiwiet  mj  |roperty  that 
is  not  general,  but  It  ooafiiwd  to  an  imdi* 
tfiduai  or  speeiee, 

GRAVITY.  —  See   Grmpity, 

Spee^, 

HEATw— See  Ccforje,  Spedfc, 


SPECTRA,  OCULAR — See  OeuUrSpeo- 

tra 
SPECTRUM,  PRISMATIC— See  PHs- 
medtc  Speetrven, 

SPECULUM.— See  Mirror. 

SPHERE,  or  GLOBE.  A  tphera  is  s 
solid,  every  point  of  the  surface  of  which 
is  eaually  distant  from  a  sin^  point 
withm  it,  which  is  iu  centre.  It  is  con- 
ceived to  be  formed  by  the  motion  of  s 
semicircle  round  the  diameter. 

SPHERICAL  ABERRATION.  —  See 
AberraHmi^  Spherieai 

SPHEROID.  There  ai«  two  epedes  of 
spheroids,  the  oblate  and  the  ehUma^  both 
of  which  are  understood  to  be  ranoed 
ftrom  the  drcolar  motion  of  a  ecmi-enipiii 
found  its  axis.  The  oblate  iphcroM  u 
ihaped  lfli;e  an  orange,  and  tke  oblong 
like  %  lemon.  The  former  ia  genentri 
by  the  motion  of  the  semi-elllpals  raud 
Iu  lesser  axis,  and  the  latter  by  thed^ 
sis  divided  lonsrwlse,  and  turned  romri 
the  mater  axu.  These  solids  an  |r- 
neraffv  called  eUipsoidSy  and  tometlnKi 
eoneuni,  though  they  have  no  retembbuKs 
to  single  con#t,  and  but  little  to  douUi 
ones.  The  earth  is  an  iMaU  ephereil, 
'being  flattened  at  the  poles. 

SPIRAL.  A  spiral  is  a  curve  which  tnms 
round  like  a  drde,  but  instead  of  endiof 
where  it  began,  it  oontinuea  to  revolve, 
receding  fartlier  and  farther  from  the 
centre.  There  are  various  spedei  of 
spirals.  The  power  that  moves  a  watdi 
is  a  spiral  spring. 

STATICAL.— See  StaHes, 

STATICS  is  that  division  of  the  sdence  of 
mechanics  which  considers  bodies  as  in- 
fluenced by  forces  that  are  in  equilibrium. 
It  is  formed  from  the  Greek  Jlolat,  stand- 
ing still.— See  Force  and  Equilibrhm. 
What  belongs  to  Statics  Is  StaHeeU, 

STEELYARD,  OR  ROMAN  BA- 
LANCE — See  Balance. 

STEAM  is  the  vapour  ti(  wafer  ralaed  to  i 
high  degree  of  elastidty  br  means  c((  heat, 
so  as  to  be  applied,  in  mei3ianica,aB  umo^ 
ing  power.  In  ordinary  language,  It  ii 
ccmfounded  with  vapour, 

STEAM-TIGHT  denotes  such  a  dcwree  d 
doseness  as  prevents  the  escape  or  stesm 

STRAIGHT  LINE,  the  same  as  a  rigki 
line. — See  Curve. 

SUCTION.  The  action  of  sucking  is  per. 
formed  by  the  child's  makin|r  a  vaoma 
in  its  mouth,  which  exhauststhe  air  ftos 
the  pores  of  the  nipple ;  and  the  milk  s 
consequently  ejected  from  the  breast  kr 
the  unresisted  elastidty  of  the  air  witlib 
TVv^Tsistn^  of  liquids  throug>h  a  tube,  If  / 
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thtt  weight  of  the  atmocphere  finom  that 
part  of  the  well  which  is  covered  with 
the  tube,  leaving  it  to  preis  on  the  other 
paru  of  the  mifaoe,  is  also,  metaphori- 
cally, termed  tueiiom. 
TABA8HEEB.  This  subttaaoe,  which 
has  been  long  famous  as  a  medicine  in 
many  parU  of  the  East,  is,  originally,  a 
transparent  fluid  in  the  jointCNl  cavities 
of  the  bamboo  cane.  This  fluid  thickens, 
spontaneously,  until,  by  degrees.  It  is 
converted  into  a  white,  or  a  bluish  white 
solid,  something  like  a  small  fragment  of 
a  shell.  It  is  almost  wholly  composed  of 
Silica  (the  material  of  oomjnon  flint),  but 
is  easily  crumbled  between  the  fingers. 
By  imbibing  water,  it  becomes  transpa- 
rent :  the  white  bits  in  a  low  degree,  but 
the  bluish  nearly  as  much  m  as  gUss.—- 
8ee  Optics,  p.  62.  Similarly  formed  con- 
cretions are  not  uncommon.  Humboldt 
discovered  Tabasheer  in  the  bambooa  of 
South  America ;  and  Sir  Joseph  Banks 
found  '^  a  solid  pebble,  about  the  sise  of 
half  a  pea,— so  hard  as  to  cut  glass,** — 
in  a  green  bamboo  that  was  reued  in  a 
hothouse  at  Islington  1 

TANGENT,  TANGENTIAL.  A  straight 
line  touching,  but  not  cut-      Fi^  18. 
ting,  a  curve  is  termed  a       ^^-'^-•n^Ai 
Tanptnt^  from  the  Latin  * 

imngtt^  to  touch.    Thus 
AB,     fig.     13,     which  \  C 

touches  the  circle  D  E 
C  F  at  C,  is  a  tan- 
^nt  at  that  point;  and, 
m  mechanics,  a  force  acting  upon  a 
wheel  in  the  direction  of  the  line 
AB,  is  said  to  be  TangenHiU,  It  is 
in  this  direction  that  motion  is  eom- 
muniflated  between  wheels  and  pinions, 
or  from  one  wheel  to  another.  A  plane 
which  touches  a  curvilineal  solid  is,  in 
like  manner,  termed  a  tangentiai  pUme, 
It  is  this  tangential  plane  from  which  we 
measure  the  anglea  of  inoidenes  on  the 
point  C,  whether  the  imjdnging  ray  be 
re/Uettd  or  r^roelfd— -See  R^/Uxion^ 
atid  R^raeHve  Power. 

TANGENT  of  am  AngU.-^^no  Angle. 

TELESCOPE,  ACHROMATIC.  -.  See 
Aekromatie* 

TEMPERATURE.  The  temperature  of 
a  body  is  the  comparative  degree  of  active 
heat  accumulated  in  that  b<kiy,  as  mea- 
sured by  an  instrument,  or  generally,  by 
its  effects  on  other  bodies. 

TETRAHEDRON See  Rhombm. 

THERMOMETER  (from  two  Greek 
words,  signifying  a  measurer  of  heai)  is 
an  instrument  which  serves  to  comjmre 
the  degree  of  active  heat  existing  in  other 
bodies.  This  comparison  is  made  by 
marking  the  effect  of  the  heat ;  and  gene, 
rally  by  its  power  in  expanding  a  fluid, 
confined  in  a  glass  tube  hermetically 
sealed.  The  fluid  is  chieflj  contained  in 
a  bulb,  and  rises,  or  falls,  in  a  very  nar- 


row tube,  supplied  from  the  fluid  in  the 
bulb,  which  contained  fluid  expands  or 
contracts  when  immersed  in,  or  applied 
to,  the  body  whose  heat  is  to  be  measured 
The  upper  part  of  the  tube  is  freed  from 
air,  to  allow  tlie  fluid  to  expand.    The 
fluid  capable  of  sustaining  the  greatest 
d^^ree  of  heat  without  boiling,  is  mer- 
cury.   Higher  degrees  are  measured  by 
other    instruments    called    Pyrometer* 
(Greek  for  fire^metuurers)  %    but  these 
are  all  very  hnperfect,  so  much  so,  that  a 
good  pyrometer  is  yet  a  desideratum. 
THERMOMETER,       CENTIGRADE, 
FAHRENHEIT'S       AND      REAU- 
MUR'S — See  those  several  articles. 
TORRICELLIAN    VACUUM    is    the 
vacuum  at  the  top  of  the  column  of  mer- 
cury in  a  barometer,  and  so  called  from 
TorrieelH,  the  inventor  of  that  instru- 
ment. 
TOURMALINE.      This   st<me    is   hard 
enough  to  scratch  glass,  and  becomes  elec- 
tric by  heat.    It  is  of  various  colours  and 
forms;    it  is  transparent  when  viewed 
across  the  thickness  of  a    crystal,  but 
perfectly  opaque  when  turned  in  the  op- 
posite duvetion. 
TRANSVERSE  DIAMETBRS.--See  Co- 

nio  Seeiione, 
VACUUM  (Latin  vaetmt,  empty)  is  lite- 
rally an  empty  place,  but  is  generally 
used  to  denote  the  interior  of  a  dose 
vessel,  from  which  the  atmospheric  air 
and  every  other  gas  has  been  extracted. — 
See  Torriceilian,  The  tfoeuum  produced 
by  means  of  an  air-pump  is  always  im- 
perfect; the  vessel  is,  nevertheless, 
termed  an  B»hmueied  JReeeiver, 
VALVE,  a  dose  lid  affixed  to  a  tube,  or 
opening  in  a  vessel,  by  means  of  a  hinge, 
or  some  other  sort  of  moveable  joint,  and 
which  can  be  opened  only  in  one  direc- 
tion. 
VAPOUR  is  any  liquid  expanded  into  an 
elastic,  or  gaseous  fluid,  by  means  of 
heat.  It  differs  from  gas  in  its  want  of 
permanency  ;  for  it  returns  into  the  li- 
quid state,  when  exposed  to  a  diminished 
teiQperature. 
VELOCITY  is  the  comparative  celerity  of 

motion  in  a  moving  body. 
VERNIER.  A  Vernier  (so  called  from 
the  name  of  its  inventor')  is  a  small  move- 
able scale,  running  parallel  with  the  fixed 
scale  of  a  quadrant  or  other  instrument, 
and  having  the  effect  of  subdividing  the 
divisions  of  that  instrument  into  more 
minute  parts. — See  Seale. 

Let  A  O^fig.  1 4,  be  any  proportion  o 
the  limb  (or  circular  part)  of  a  qua- 
drant t  for  example,  half  a  degree  divided 
into  six  parts,  A  B,  B  C,  Ax.  of  five 
minutes  each.  Let  H  I  be  another  limb 
of  equal  extent,  divided  into  five  parts. 
In  consequence  of  the  relation  of  these 
divisions,  we  see  that  the  line/ 6  will  ba 
farther  advanced  thasv^  Vrj  ^i!S!Qa.-^Ksx\ 


EXPLANATION  OF  8CI£NT[FIC  TBRH8. 


ge  )tj  two-filUu  t  *  '  br  tlkTM-B(tIi«t 
Mfb;  four-Gtihi  t  uid  I  ab;  Bre-fifthi, 
or  a  whola  dlvliioa.    By  thli  idchu  ex^ 
Fie.lt. 


of  the  diriuou,  A  B,  B  C,  Ae.  toxj  b« 
divided  into  fife  puts,  or  minuUa,  b]r 
■hifLing  tha  inorMtile  limb  (or  vfmwr) 
H  I,  to  any  pare  nC  the  quaaram  wbero 
the  nibdiTiutm  ig  required.  Thii  appen- 
dage li  alio  added  to  Hehl  lined  icalei,  ai 
majr  be  teen  oommoafjr  on  baroawleri, 
hj  wliich  the  indi  ii  fint  divided  iuu 
Mnttu,  and  a  diding  remier  applied  io 
a*  to  nibdirida  the  inch  into  hundredth!. 
The  Ternier  wa*  inrented  aboot  the  fear 
■630,  and  wal  lon^  tsrmsd  a  JVmuiu  ; 
baoauH  il  vai  coniidered  aa  manly  au 
improrement  of  the  method  of  nibdivi- 
aion  adimted  by  JVunnM,  ■  Portugueae, 
wholiTed  about  a  tenturf  previotu.  The 
method  of  JVuniuir  waa,  hoirever,  diffe- 
rent. Ha  drew  upon  tha  quadrant  a  uum- 
ber  of  circle*  (4S)  concentric  with  tbe 
limb,  each  of  irhicli  be  divided  diffe- 
rently i — (hiu,  the  limb  had  00  pani) 
the  Ant  circle  B9;  the  Feoond  88,  Ac. 
Wbeti  be  made  hii  obaerration  he  marked 
the  diniioa  on  vbich  it  fell,  (it  mattered 
not  on  what  circle,)  and  propmtioned  thii 
diviiion  tathatof90oa  thelimb.  Thua, 
if  it  cut  the  Iventf-third  diviaion  of 
the  quadrant  which  waa  divided  into 
li2partH,  he  aaid,  if  quarter  of  a  circle  di- 
vided into  S2  paria  Iwa  given  23  diviiioni, 
how  many  would  it  have  given  in  a  qun- 
drant  of  00  paru  f  atid  by  thia  calcula- 
tion he  aaliified  himaalf  that  the  real 
angle  wai  25  degrem,  U  minute*,  and 
38  lecoudi,  the  exactitude  of  which  muat 
have  depended  much  upon  the  aiae  and 
tha  aoctirscy  of  the  conitruction  of  hia 
Inatrunient. 
VERNIER,  CHROMATIC,  ia  an  inatru- 
ment  ao  called  and  invented  by  Dr.  Brew- 
*ter,  for  the    puqwue   of  meaiuring,  by 


tn  page  63  of  the 
Pelariiut.oa  of  L-ghi  for  the 
i>f  thii  vernier,  ai  we  fiud  it 


.  Wo 


lmpa*ibl«  to  flvB  •  l^nplar  eqlnt. 

tion. 
VKRSBD  SINE.— See  AngU. 
VERTBX.— See  Ceiw.  and  Cnoa  SmMmu. 
VESUVIAN,  or  IDOCRASK,  i*  aatoo* 

Cerallyof  arad^ih-brovnoalouTtBiml- 
lnappcaianoe  tooommaopanulL  It 
ia  found,  cryatalliaed,  anuDg  lufaataiiee* 
thmwn  out  by  TolcanoM ;  and,  aa  ila 
name  fndieataa,  panicnlaily  bjr  Mount 
Vera  vim. 

VIS  INERTI^G.  Aeootding  to  HtwtoD, 
every  body  penevetea  in  the  aama  nate, 
eitherof  reat  or  of  aniform  modon,  in  a 
right  line,  unlei*  It  be  foned  to  change 
tlut  atale  by  a  foreign  force.  Thia  iner^ 
NCH,  or  principle  of  inactivity,  it  celled 
by  Ilia  Latin  name  Fit  iiurtim. 

VOLUME.  The  apparmt  apkoe  which  a 
body  tncupiei  ia  termed  iu  volume;  the 
^ffieliBe  ipace  which  the  aame  body  eeca- 
pies,  or  ill  real  bulk  ef  matwr,  i*  iti  aaou; 
the  relation  of  tbe  luu  to  the  voAum  (cr 
the  quotient  of  the  one  by  the  otfaerj  ii 
itarfmniy.  and  the  empty  apacea  or  vad*, 
which  tender  the  volume  lu^r  than  tb* 

WATER-TIOHT  i*  that  degree  of  do*, 
neat  in  a  vetiel,  or  tube,  which  preveati 
^B  paaaage  of  water. 

WEIuHT  la  the  comparative  mtamaed 
the  giavity  of  bodie*  at  the  earth's  nr< 
face. 

OF  THE  ATMOSPHERE.- 

See  .,4fiiiaipA«ric  Prttturt. 

WIND  ia  air  in  perceptible  motion. 

ZERO  (nothing),!*  with  ui  applied  only  at 
a  acieutiflc  term;  but  by  the  Frmdi, 
generalljf,  to  denote  a  cypher  (O)  ;  wfaih, 
In  that  language,  un  cAi^rtr  denoteatn 
of  the  digita,  or  arithmetical  SKurea.  Both 
worda  appear  to  be  of  similar  origiB; 
and  probably  from  the  Arabic  ffupAan, 
empty  or  void.  In  tbis  literal  *enie,it 
filta  the  blank  between  the  uaceuding  wai 
deaoending  numbera  in  a  lerie*. — Set 
Seal*.  In  rommon  language,  la  trflM 
ia  to  calculate ;  and  Io  icrile  in  qrj>t«n  it 
to  write  in  aecret  or  unknown  dianctaf^ 
such  aa  were  the  Arabic  numervla  whM 
Arat  introduced  into  Europe. 

ZIRCONE  ii  a  benvy,  hard,  ipaik%, 
and  tnnaparent  atone,  ausceptible  af  a 
fine  polith,  and  having  a  atrong  balla 
refraction.  It  ia  usually  divided  iata 
the  two  varieties  of  Hyaeinl/t  and  Jur§m; 
the  former  having  a  yellowish -red  iiiiliai, 
and  [be  latter  being  vioat  i 
ooiourlea*. 
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The  references  mrt  giren  to  the  treatise,  or  treatises  In  which  the  article  Is  to  be  fonnd.  Of  the  con* 
tractions,  Frbl.  Trbat.  stands  for  Preiiminarp  Treatise;  Htdrost.  forfi^vtfrostelles;  Hydrauu 
toxHgdrauHcti  Pnbvm.  for  PneumaticBi  Ubch.  1. 1.,  Ubch.  1. 11..  Mscn.  xAIlL,  tot  the  first,  second, 
and  tliird  treatUeM  on  Meehaniee,  respectively}  and  P0X.A11.  of  Liobt.  for  the  treattses  on  tbo 
PolarUati0H  of  Light, 


PUL. 


Aberrathn  of  light,  spherical,  in  lenses        •         • 

•  •  •  •      in  mirrors  •  • 
Abaolvie  heat  in  bodies  of  different  temperatures 
Abtorbing  crystals  with  one  axis,  list  of           •         • 

•  •  ..      with  two  axes         •         •  • 
Ahwrption  and  reflection  of  heat            •          •         • 

. .         of  light  in  doubly  refracting  crystals 

•  •  . .       influence  of  heat  in  modifying 
Acer/eraitoH  of  motion  in  falling  bodies        •  • 
Aceidentai  colours,  or  ocular  spectra            •         • 

•  •  .  •  experiments  on 
Achromatic  telescopes,  principles  and  description  of       •         • 
Action  of  crystallized  bodies  upon  polariaed  light  in  producing 

colours        •         .  •••••• 

Active  and  passive  forces  explained  and  distinguished 
Aero^at8j  or  air-balloons,  principles  of        •         •         » 
Air,  description  and  properties  of  •         • 

• .   condensed,  experiments  on  •         •         • 
. .   elasticity  ot     .  •  •  •         •         • 

• .   atmospheric,  its  capacity  for  caloric  • 

•  .   pressure  of  •  •  •         •         • 

•  •  table  of  its  expansion  by  heat  •         • 

•  •  a  mechanical  agent  •         •         •         • 
..   weight  of            .         •         •         •  s/Ti  • 

Air-btUioofUj  principle  of  •         •         •         • 

•  •    bladder  of  fishes,  use  of         •         •         • 

•  •    0tmj  description  of     •         •         •         •         • 
tkermometeTf  description  of    •         •         « 
jMtmp     .         .  .  . 
vetiei  of  birds  described         •         •         • 

in  machinery  •         •         •         • 

Aicoholj  di>tillation  of,  described   •         •         • 

elastic  force  of  its  vapour       .  .         • 

Aigebra^  or  universal  arithmetic,  defined  • 

Amethff$i,  circular  polarisation  in  •  • 

•  •        structure  of  the  perfectly  formed  • 
Amalcime^  new  species  of  double  refraction  in 
Anatomjff  separate  and  comparative,  its  oies  , 
Animai  electricity,  or  galvanism,  explained      •         • 

strength,  experiments  on        .  •         •         • 

Angle  of  draught,  having  the  least  friction         •     .    • 

of  polarisation  of  diflerent  substances,  tabU  of  the 
Ante^  description  of  the  economy  of       .         •         • 
Apophgliite,  extraordinary  system  of  its  coloured  rays 

tesselated,  its  remarkable  formation 
Apparatau  for  experiments  on  polarised  light  described 
Approach  of  the  earth  to  meet  a  falling  body     .         • 
AppHcatiotu  of  the  expansion  of  solids  to  the  arts  •  • 

Arago  and  Fresncl,  their  experiments  on  the  interference  of  po« 
krised  light        •••••••• 

Arehiwtede^  screw,  description  of  •         •         •         • 

Areometer^  principle  and  use  of.         •         •         •         •         • 

•  •         Parcieuz*!  •••••• 
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Arithmetic,  its  nature  and  use 
AntoicTs  compensation  balance  describtd 
Arttf  expansion  of  solids  applied  to  the 
Astronomy,  physical,  its  objects  and  use 
Mtronomicai  telescope,  description  of   • 
Atmotpkere,  capacity  of,  for  oi^orie    . 

colours  of,  accounted  for    . 
weight  of    . 
Atmospheric  pressure,  effect  of     .  • 

Attraction^  capillary,  account  of         « 

AtwoofPt  Machine  for  discoverinf  the  law  of  dMcmt  in  falliog  bodies 
Ares  of  refraction,  explanation  of  the  term  •         •  • 

. .    rectangular,  theory  of  .         •         •         •         • 

negative  and  postttre         •         •         • 
. .     of  double  refracUon,  combination  of  •         •         • 
Axle  in  wheel,  principles  of      •         .         .         •         • 

Balance,  general  principles  of  the         •         •         •         . 
Arnold's  compensation,  dewribed 
bent  lever  described       .         .         •         •         . 
Brady's  •••••• 

Danish  •  •  •  •  •  • 

fraudulent,  description  o^  and  means  of  detecting 
hvdrostatfc,  description  and  use  of    . 
pniiosophical  description  and  representation  of  a  good  one 
Koman,  or  common  steel-yard,  metiiod  of  graduating 
sensibility  df, — mathematical  principles  of 

Palloons,  principles  of  ....  , 

Banks**  calculations  respecting  water-wheeb  • 

Barker's  centrifugal  mill  described         .  •  • 

Barlow,  Professor,  his  improvement  of  the  telescope 

Barometer,  pftnciple  and  construction  of     •         • 
dii^^onal  and  wheel  .         •         • 

uses  and  application  of     .  • 

Barlon*s  Iris  ornaments,  account  ot  .  •  . 

Beavers,  economy  of  those  animals  described         • 

Bcr* 

..     curious  structure  of  their  cells  •  • 

Bejucoy  large  quantity  of  water  contained  in  that  plant 

Be/lows,  hydrostatic,  description  of     . 

^ff/f/-/rv^'balance,  de^riptiun  of  .  •  • 

Bevelled  wheels,  description  and  application  of     . 

Biot,  Brewster,  &c.,  their  experiments  on  the  polarisation  of  Kght 

Biofs  theory  of  the  colours  of  polarised  light 

BirdSf  description  of  the  eyes  and  eyelids  of 

the  air-vessels  of  . 

Blacky  Dr.,  character  of  .  .  • 

BUttr's  achromatic  telescope  described 

Block  and  sheaves,  their  applioation  .  • 

Bodies,  component  parts  or  .  •  . 

absolute  heat  of,  at  different  temperatures 

•  •  expansion  of,  by  heat  .  . 
• .                                         experiments  on 

falling,  laws  of  their  dascent 

•experiments  on  • 

gravity  of.  reciprocal         .  •  , 

•  ••      in  motion,  forces  of   -    .         «         . 

•  •  • .  experiments  concerning  • 
. .  natural,  investigation  of  the  colourt  of 
%  •       transparency  the  cause  of  .         • 

zero  of,  the  heat  of,  investigated       • 

•  •      to  which  double  refraction  may  be  commvnicated 
and  pressure,  concerning    .  ,  ,  ,  , 

crystallised,  colours  produced  by  their  action  on  polarised 
light 

not  transparent,  me\hod  o^  m^asnintko  theic  Tefcaotive  powers 
polarisation  of  Vigjhl  al  IWvt  Mcona  vaiiafiM 
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